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"IfiKhit Arid— Onlv Tourh Mpmnn/TM 

i vixuil r\uu \s i ny luu^n ivici i ivf y 


Antnmatir Irlpntifiratinn 

nU IUI 1 IC3lll_» IUCI 1 LI 1 JUCHUJI 1 


83 


DS1986 


fi4Khit Arid— Onlu Tourh MpmnrvTM 

\ji i \4-* 1 1 r\uu w i ny i vuV/i i ivici i iui y 


Aiitnmatir Irlpntifiratinn 

r\U Ivl 1 IClllL/ IUCI III 1 Ivallvl 1 


106 


DS2009 


512 x 9 FIFO Chip 


Timpkppninn anri NV RAM 

iiiiiCf\ccL/iiiy ui iu iiv i i v i 


938 


DS2010 


1024 x 9 FIFO Chirj 

1 T A v7 1 1 1 W V-/ 1 Hk' 


Timpkppninn anri NV RAM 

i ii i ivrAcu^ii ly cm iu iiv i l/^ivi 


952 


DS2011 


2048 x 9 FIFO Chin 


Timpkppninn anri N\/ RAM 
i ii i icrxcciji i ty ai iu ivv n/Ai vi 


953 


DS2012 


4096 x 9 FIFO Chin 


Timpkppninn anri NV RAM 
i ii i (cr\cc|JM ly ai iu in v n/Aivi 


954 


DS2013 


8192 x 9 FIFO ChiD 


Timpkppninn and NV RAM 

■ ii i icfvccuii ry ai iu i v v ri/^ivi 


955 


DS2016 


2K x 8 3V Operation Static RAM 


Timekeeping and NV RAM 


794 


DS2064 


8K x 8 3V Operation Static RAM 


Timekeeping and NV RAM 


804 


DS21S07A 


SCSI Terminator 


Supplement 4/95 


102 


DS2108 


Differential SCSI Switchable Terminator 


Supplement 4/95 


109 


DS2109 


Plug and Play SCSI Terminator 


Supplement 4/95 


114 


DS2112 


BTL Terminator 


Supplement 4/95 


124 


vii 



DATA BOOK CROSS REFERENCE 



DS2130Q 


Voice Messaging Processor 


Telecommunications 


8 


DS2132A/Q 


Digital Answering Machine Processor 


Telecommunications 


30 


DS2141A 


T1 Controller 


Telecommunications 


246 


DS21Q41AFP 


Quad T1 Controller 


Telecommunications 


281 


DS2143/DS2143Q 


E1 Controller 


Telecommunications 


283 


DS21Q43FP 


Quad E1 Controller 


Telecommunications 


323 


DS2151Q 


T1 Single-Chip Transceiver 


Telecommunications 


80 


DS2153Q 


E1 Single-Chip Transceiver 


Telecommunications 


126 


DS2165/DS2165Q 


16/24/32Kbps ADPCM Processor 


Telecommunications 


47 


DS2167/DS2168 


ADPCM Processor 


Telecommunications 


64 


DS2180A 


T1 Transceiver 


Telecommunications 


325 


DS2181A 


CEPT Primary Rate Transceiver 


Telecommunications 


361 


DS2182 


T1 Line Monitor 


Telecommunications 


393 


DS2186 


Transmit Line Interface 


Telecommunications 


176 


DS2187 


Receive Line Interface 


Telecommunications 


187 


DS2188 


T1/CEPT Jitter Attenuator 


Telecommunications 


196 


DS21 90-003 


T1 Network Interface Unit (NIU) 


Telecommunications 


208 


DS22B57 


32K x 8 Static RAM 


Timekeeping and NV RAM 


814 


DS222 


Dual RS-232 Transmitter/Receiver 








with Shutdown 


Supplement 4/95 


36 


DS2223/DS2224 


EconoRAM 


Automatic Identification 


209 


DS2227 


Flexible NV SRAM Stik 


Timekeeping and NV RAM 


157 


DS2229 


Word-Wide 8 Meg SRAM Stik 


Timekeeping and NV RAM 


823 


DS2250(T) 


Soft Microcontroller 


Soft Microcontroller 


176 


DS2251(T) 


128K Soft Microcontroller 


Soft Microcontroller 


195 


DS2252(T) 


Secure Microcontroller 


Soft Microcontroller 


215 


DS229 


RS-232 Transmitter/Receiver 


Supplement 4/95 


48 


DS2290 


T1 Isolation Stik 


Telecommunications 


225 


DS2291 


T1 Long Loop Stik 


Telecommunications 


235 


DS232A 


Dual RS-232 Transmitter/Receiver 


Supplement 4/95 


57 


DS233A 


Dual RS-232 Transmitter/Receiver 


Supplement 4/95 


66 


DS2401 


Silicon Serial Number 


Automatic Identification 


140 


DS2404 


EconoRAM Time Chip 


Timekeeping and NV RAM 


594 


DS2404S-C01 


Dual Port Memory Plus Time 


Automatic Identification 


206 


DS2405 


Addressable Switch 


Automatic Identification 


194 


DS2434 


Battery Identification Chip 


System Extension 


21 


DS2435 


Battery Identification Chip 








with Time/Temperature Histogram 


System Extension 


38 


DS2502 


1Kbit Add-Only Memory 


Automatic Identification 


149 


DS2505 


16Kbit Add-Only Memory 


Automatic Identification 


170 


DS2506 


64Kbit Add-Only Memory 


Automatic Identification 


193 


DS5000(T) 


Soft Microcontroller 


Soft Microcontroller 


229 


DS5000FP 


Soft Microcontroller Chip 


Soft Microcontroller 


247 


DS5000TK 


Evaluation Kit 


Soft Microcontroller 


325 


DS5001FP 


128K Soft Microchip 


Soft Microcontroller 


267 


DS5002FP 


Secure Micro 


Soft Microcontroller 


290 


DS620x 


CyberKey 


Timekeeping and NV RAM 


866 


DS6417 


CyberCard EV 4M-Bit NV SRAM 


Timekeeping and NV RAM 


893 


DS9000 


Bytewide Cable Harness 


Timekeeping and NV RAM 


903 


DS9002 


Cartridge Housing 


Timekeeping and NV RAM 


904 


DS9003 


Cartridge Proto Board 


Timekeeping and NV RAM 


905 
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DATA BOOK CROSS REFERENCE 



DS908XX 


CyberKey/Card Receptacles 


Timekeeping and NV RAM 


906 


DS9092 


Touch Memory Probe 


Automatic Identification 


127 


DS9092K 


Touch Memory Starter Kit 


Automatic Identification 


221 


DS9092R 


Touch Port 


Automatic Identification 


129 


DS9093x 


Touch Memory Mount Products 


Automatic Identification 


130 


DS9094 


MicroCan Clip 


Automatic Identification 


132 


DS9096P 


Touch Memory Adhesive Pads 


Automatic Identification 


133 


DS9097/DS9097E 


Touch COM Port Adapter 


Automatic Identification 


134 


DS9098 


MicroCan Retainer 


Automatic Identification 


135 


DS9099K 


Touch Pen Development Kit 


Automatic Identification 


222 


DS9099 


Touch Pen Chip Set 


Automatic Identification 


222 


DS9100 


Touch and Hold Probe Stampings 


Automatic Identification 


136 


DS9101 


Multi-Purpose Clip 


Automatic Identification 


137 


DS9103K 


Touch Memory Access Control Demo Kit 


Automatic Identification 


224 
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SALES OFFICES 



I'm Interested. Who Do I Call? 

For technical product information, call (214) 450-0448 or FAX us at (214) 450-3715. 
If calling from overseas, dial (214) 450-5351. We can mail a data book and product literature 
immediately, or we can have you talk to an applications engineer. 

You can order any Dallas Semiconductor product for next-day shipment with a 
Visa, MasterCard, or American Express. Call our Credit Card Sales service at 1-800-336-6933. 

You can also contact our nearest distributor, representative, or sales office. 

Literature & Technical Support 1-214-450-0448 

Sales & Customer Service 1-214-450-0969 

Automatic Data Sheet Faxback 1-214-450-0441 

Corporate FTP Site ftp.dalsemi.com 

Worldwide Web Site http://www.dalsemi.com 

E-Mail Format firstname.lastname@dalsemi.com 

Sales sales@dalsemi.com 



HEADQUARTERS 

Dallas, TX 

Voice:(214) 450-0448 
FAX: (214) 450-0470 

Great Lakes Area 

Carmel, IN 
(317) 573-7613 

Mid Atlantic 

Marlton, NJ 
(609) 596-1919 

North Central 

Hoffman Estates, IL 
(708) 490-5378 

Northeast/ E. Canada 

Chelmsford, MA 
(508) 256-4995 

South Central/West 

Dallas, TX 
(214) 788-2197 
Southeast 
Duluth, GA 
(404) 623-5813 
Southwest 
Irvine, CA 
(714) 724-4523 
Western Area 
Sunnyvale, CA 
(408) 733-8400 

South/Florida 

St. Petersburg, FL 
(813) 527-6454 



EUROPEAN OFFICE 



Birmingham, England 
44-1-21-782-2959 



PACIFIC RIM OFFICE 



Dallas, TX 
(214) 450-5363 



SOUTH AMERICAN 
OFFICE 



Dallas, TX 
(214) 788-2197 



NORTH AMERICAN 
SALES 

REPRESENTATIVES 



Alabama 

Glen White & Assoc. 

Huntsville, AL 
(205) 882-6751 
Arizona 

System Sales of AZ 

Mesa, AZ 
(602) 464-9989 

Arkansas 

West Associates 

Tulsa, OK 
(918) 492-4300 

California 

Harvey King, Inc. 

San Diego, CA 
(619) 695-9300 
R.S.V.P. Associates 

Sunnyvale, CA 
(408) 467-1200 
S C Cubed 
Tustin, CA 
(714) 731-9206 
Westlake Village, CA 
(818) 865-6222 



Canada 

Davetek Marketing 

Burnaby, British Columbia 
(604) 430-3680 
Calgary, Alberta 

(403) 250-2034 
Dynasty Components 
Ottawa, Ontario 

(613) 596-9800 
Pointe Claire, Quebec 
(514) 694-7353 

Colorado 
Waugaman Assoc. 

Wheat Ridge, CO 
(303) 423-1020 

Connecticut 
Technology Sales Inc. 

Wallingford, CT 
(203) 269-8853 

Delaware 

S-J Mid-Atlantic 

Mt. Laurel, NJ 
(609) 866-1234 

Florida 

Naltron Inc. 

Davie, FL 
(305) 370-9396 
Indialantic, FL 
(407) 777-3399 
Tampa, FL 
(813) 287-1433 
Georgia 

Glen White & Assoc. 

Duluth, GA 

(404) 418-1500 



Idaho 

Western Tech. Sales 

Boise, ID 

(208) 376-8700 

Illinois 

Sumer Inc. 

Rolling Meadows, IL 

(708) 991-8500 

Gibb Technology Sales 

St. Louis, MO 

(314) 890-0443 

Indiana 

Valentine Associates, Inc. 

Carmel, IN 
(317) 846-0008 
Kansas 

Gibb Technology Sales 

Kansas City, MO 

(816) 483-6785 

Kentucky 

Glen White & Assoc. 

Huntsville, AL 
(205) 882-6751 

Louisiana 
West Assoc. 

Richardson, TX 
(214) 680-2800 
Maine 

Mill-Bern Assoc. 

Woburn, MA 
(617) 932-3311 
Maryland 
S-J Chesapeake 

Falls Church, VA 
(703) 533-2233 
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SALES OFFICES 



Massachusetts 
Mill-Bern Assoc. 

Woburn, MA 
(617) 932-3311 
Michigan 
Trilogy Marketing 

Auburn Hills, Ml 
(810) 377-4900 

Minnesota 

Cahill, Schmitz & Cahill 

St. Paul, MN 
(612) 646-7217 

Mississippi 

Glen White & Assoc. 

Huntsville, AL 
(205) 882-6751 
Missouri 

Gibb Technology Sales 

St. Louis, MO 
(314) 890-0443 

Montana 

Waugaman Assoc. 

Wheat Ridge, CO 
(303) 423-1020 
Nebraska 

Waugaman Associates 

Wheat Ridge, CO 
(303) 423-1020 
Nevada 

Bay Area/Northern CA.NV 
Sunnyvale, CA 
(408) 733-8400 
System Sales of AZ 
Mesa, AZ 
(602) 464-9989 
New Hampshire 
Mill-Bern Assoc. 
Woburn, MA 
(617) 932-3111 
New Jersey 
S-J Associates 
Mt. Laurel, NJ 
(609) 866-1234 
Rockville Centre, NY 
(516) 536-4242 
New Mexico 
System Sales of AZ 
Albuquerque, NM 
(505) 889-2901 



New York 

S-J Associates 

Rockville Centre, NY 
(516) 536-4242 
Technology Sales Inc. 

Fairport, NY 
(716) 223-7500 

North Carolina 
Glen White & Assoc. 

Huntersville, NC 
(704) 875 -3777 
Raleigh, NC 
(919) 848-1931 
North Dakota 
Cahill, Schmitz & Cahill 
St. Paul, MN 
(612) 646-7217 

Ohio 

Millennium Tech. Sales 

Cincinnati, OH 
(513) 871-2424 
Dublin, OH 
(614) 793-9545 
Mayfield Village, OH 
(216) 461-3500 

Oklahoma 

West Associates 

Tulsa, OK 
(918) 492-4300 
Oregon 

Western Tech. Sales 

Beaverton, OR 
(503) 644-8860 

Pennsylvania 
Millennium Tech. Sales 

Cincinnati, OH 
(513) 871-2424 
S-J Associates 
Mt. Laurel, NJ 
(609) 866-1234 
Puerto Rico 
Tampa, FL 
(813) 287-1433 
Rhode Island 
Mill-Bern Assoc. 
Woburn, MA 
(617) 932-3311 
South Carolina 
Glen White & Assoc. 
Huntersville, NC 
(704) 875-3777 



South Dakota 

Cahill, Schmitz & Cahill I 
St. Paul, MN i 
(612) 646-7217 

Tennessee 

Glen White & Assoc. 

Huntsville, AL 

(205) 882-6751 

Texas 

West Associates 

Austin, TX 
(512) 343-1199 
Houston, TX 
(713) 999-0101 
Richardson, TX 
(214) 680-2800 
Utah 

Waugaman Associates 

Salt Lake City, UT 
(801) 261-0802 

Vermont 

Mill-Bern Assoc. 
Woburn, MA I 
(617) 932-3311 

Virginia 

S-J Chesapeake 

Falls Church, VA 
(703) 533-2233 
Washington 
Western Tech. Sales 

Bellevue, WA 

(206) 641-3900 
Spokane, WA 
(509) 922-7600 

West Virginia 
S-J Chesapeake 

Falls Church, VA ■ 
(703) 533-2233 

Wisconsin 

Cahill, Schmitz & Cahill 

St. Paul, MN 
(612) 646-7217 
Sumer, Inc. 
Brookfield, Wl 
(414) 784-6641 1 
Wyoming 
Waugaman Assoc. 
Wheat Ridge, CO 
(303) 423-1020 



NORTH AMERICAN 
DISTRIBUTORS 



ADDED VALUE 
Electronic Dist, Inc. 

(AVED) 

Arizona 

Scottsdale, AZ 
(602) 951-9788 

California 

San Diego, CA 
(619) 558-8890 
Tustin, CA 
(714) 573-5000 
Visalia, CA 
(209) 734-8861 

Colorado 

Wheat Ridge, CO 
(303) 422-1701 
Utah 

Midvale, UT 
(801) 975-9500 

IADVENT ELECTRONICS 

Illinois 

Des Plaines, IL 
(708) 297-6200 
Indiana 
Indianapolis, IN 
(317) 872-4910 
Iowa 

Cedar Rapids, IA 
(319) 363-0221 

Michigan 

Farmington Hills, Ml 
(313) 477-1650 

IALMAC ELECTRONICS 
Oregon 

Beaverton, OR 
(503) 690-5613 
Washington 

Bellevue, WA 
(206) 643-9992 

IANTHEM ELECTRONICS 
Alabama 

Huntsville, AL 
(205) 890-0302 

Arizona 

Tempe, AZ 
(602) 966-6600 

California 

Chatsworth, CA 
(818) 775-0410 



■ FARNELL 



Mayfield Heights, OH 
(216) 449-6996 

Oregon 

Beaverton, OR 
(503) 645-6454 

Texas 

Austin, TX 
(512) 502-0991 
Houston, TX 
(713) 785-1155 
Richardson, TX 
(214) 437-2437 
Utah 

Salt Lake City, UT 
(801) 467-4448 
Washington 

Bothell, WA 
(206) 489-3400 

Wisconsin 

Brookfield, Wl 
(414) 879-0244 



Irvine, CA 
(714) 768-4444 
Rocklin, CA 
(916) 624-9744 
San Diego, CA 
(619) 453-9005 
San Jose, CA 
(408) 453-1200 

Colorado 

Englewood, CO 
(303) 790-4500 
Connecticut 

Waterbury, CT 
(203) 575-1575 

Georgia 

Duluth, GA 
(404) 931-3900 

Illinois 

Schaumburg, IL 
(708) 884-0200 

Maryland 

Columbia, MD 
(410) 995-6640 

Massachusetts 

Wilmington, MA 
(508) 657-5170 
Minnesota 
Eden Prarie, MN 
(612) 944-5454 

New Jersey 

Pine Brook, NJ 
(201) 227-7960 

New York 

Commack, NY 
(516) 864-6600 
Oregon 
Beaverton, OR 
(503) 643-1114 

Pennsylvania 

Horsham, PA 
(215) 443-5150 

Texas 

Austin, TX 
(512) 388-0049 
Richardson, TX 
(214) 238-7100 

Utah 

Salt Lake City, UT 
(801) 973-8555 
Washington 

Bothell, WA 
(206) 483-1700 



Canada 

Burnaby, British Columbia 
(604) 421-6222 
Calgary, Alberta 
(403) 273-2780 
Concord, Ontario 
(416) 798-4884 
Nepean, Ontario 
(613) 596-6980 
Pointe Claire, Quebec 
(514) 697-8149 
Winnipeg, Manitoba 
(403) 273-2780 

■ FUTURE ELECTRONICS 
Alabama 

Huntsville, AL 
(205) 830-2322 

Arizona 

Phoenix, AZ 
(602) 968-7140 

California 

Agoura Hills, CA 
(818) 865-0040 
Irvine, CA 
(714) 453-1515 
San Diego, CA 
(619) 625-2800 
San Jose, CA 
(408) 434-1122 

Canada 

Calgary, Alberta 
(403) 250-5550 
Edmonton, Alberta 
(403) 438-2858 
Mississauga, Ontario 
(905) 612-9200 
Ottawa, Ontario 
(613) 820-8313 
Pointe Claire, Quebec 
(514) 694-7710 
Quebec City, Quebec 
(418) 877-6666 
Winnipeg, Manitoba 
(204) 944-1446 

Colorado 

Lake Wood, CO 
(303) 232-2008 
Connecticut 
Cheshire, CT 
(203) 250-0083 
Florida 

Altamonte Springs, FL 
(407) 865-7900 



Deerfield Beach, FL 
(305) 426-4043 
Largo, FL 
(813) 530-1222 
Georgia 
Norcross, GA 
(404) 441-7676 

Illinois 

Hoffman Estates, IL 
(708) 882-1255 

Indiana 

Indianapolis, IN 
(317) 469-0447 
Kansas 

Overland Park, KS 
(913) 649-1531 
Maryland 
Columbia, MD 
(410) 290-0600 
Massachusetts 
Bolton, MA 
(508) 779-3000 
Michigan 
Livonia, Ml 

(313) 261-5270 
Grand Rapids, Ml 
(616) 698-6800 
Minnesota 
Eden Prairie, MN 
(612) 944-2200 
Missouri 

St. Louis, MO 

(314) 469-6805 
New Jersey 
Marlton, NJ 
(609) 596-4080 
Parsippany, NJ 
(201) 299-0400 

New York 

Hauppauge, NY 
(516) 234-4000 
N.Syracuse, NY 

(315) 451-2371 
Rochester, NY 
(716) 387-9550 

North Carolina 

Charlotte, NC 
(704) 547-1107 
Raleigh, NC 
(919) 790-7111 
Ohio 

Beavercreek, OH 
(513) 426-0090 



■ HAMILTON-HALLMARK 

Alabama 

Huntsville, AL 
(205) 837-8700 

Arizona 

Phoenix, AZ 
(602) 437-1200 

California 

Costa Mesa, CA 
(714) 641-4100 
Rocklin, CA 
(916) 624-9781 
San Diego, CA 
(619) 571-7540 
San Jose, CA 
(408) 435-3500 
Woodland Hills, CA 
(818) 594-0404 

Colorado 

Colorado Springs, CO 
(719) 637-0055 
Englewood, CO 
(303) 790-1662 
Connecticut 
Cheshire, CT 
(203) 271-2844 
Florida 

Ft. Lauderdale, FL 
(305) 484-5482 
Largo, FL 
(813) 541-7440 
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Winter Park, FL 
(407) 657-3300 

Georgia 

Duluth, GA 
(404) 623-4400 

Illinois 

Bensonville, IL 
(708) 860-7780 

Indiana 

Carmel, IN 
(317) 575-3500 

Kansas 

Lenexa, KS 
(913) 888-4747 

Kentucky 

Lexington, KY 
(800) 235-6039 

Maryland 

Columbia, MD 
(410) 988-9800 

Massachusetts 

Peabody, MA 
(508) 532-9808 

Michigan 

Novi, Ml 
(313) 347-4271 
Plymouth, Ml 

(313) 416-5800 
Minnesota 
Bloomington, MN 
(612) 881-2600 
Missouri 
Earth City, MO 

(314) 291-5350 
New Jersey 
Cherry Hill, NJ 
(609) 424-0110 
Parsippany, NJ 
(201) 515-3000 
New York 
Hauppauge, NY 
(516) 434-7474 
Hauppauge, NY 
(516) 434-7400 
Rochester, NY 
(716) 475-9130 

North Carolina 

Raleigh, NC 
(919) 872-0712 
Ohio 

Dayton, OH 
(513) 439-6735 
Solon, OH 
(216) 498-1100 



Worthington, OH 
(614) 888-3313 
Oklahoma 

Tulsa, OK 
(918) 254-6110 

Oregon 

Beaverton, OR 
(503) 526-6200 

Texas 

Austin, TX 
(512) 258-8848 
Dallas, TX 
(214) 553-4300 
Houston, TX 

(713) 781-6100 
Utah 

Salt Lake City, UT 
(801) 266-2022 

Washington 

Redmond, WA 
(206) 881-6697 

Wisconsin 1 

New Berlin, Wl 
(414) 797-7844 

I INSIGHT ELECTRONICS 
Alabama 1 

Huntsville, AL 
(205) 830-1222 

Arizona 

Tempe, AZ 
(602) 829-1800 
California 

Irvine, CA 

(714) 727-3291 
San Diego, CA 
(619) 677-3100 
Sunnyvale, CA 
(408) 720-9222 
Westlake Village, CA 
(818) 707-2101 
Colorado 
Englewood, CO 
(303) 649-1800 

Georgia 

Duluth, GA 
(404) 717-8566 

Illinois 

Schaumburg, IL 
(708) 885-9700 

Massachusetts 

Burlington, MA 
(617) 270-9400 



Minnesota 

St. Louis Park, MN 
(612) 525-9999 

Ohio 

Valley View, OH 
(216) 520-4333 

Oregon 

Beaverton, OR 
(503) 644-3300 
Texas 
Austin, TX 
(512) 719-3090 
Richardson, TX 
(214) 783-0800 
Washington 
Kirkland, WA 
(206) 820-8100 
Wisconsin 
Wauwatosa, Wl 
(414) 258-5338 

I INTERFACE ELECTRONICS 
Massachusetts 

Hopkinton, MA 
(508) 435-0100 

' MILGRAY ELECTRONICS 

Alabama 

Huntsville, AL 
(205) 722-9709 

California 

Irvine, CA 
(714) 753-1282 
San Diego, CA 
(619) 457-7545 
San Jose, CA 
(408) 456-0900 
Thousand Oaks, CA 
(805) 371-9399 
Canada 
Mississauga, ON 
(905) 678-0958 
Pointe Claire, Quebec 
(514) 426-5900 

Colorado 

Englewood, CO ■ 
(303) 721-7702 

Connecticut 

Milford, CT 
(203) 878-5538 

Florida ■ 

Lake Mary, FL 
(407) 321-2555 



Georgia 

Norcross, GA 
(404) 446-9777 

Illinois 

Palatine, IL 
(708) 202-1900 
Indiana 
Indianapolis, IN 
(317) 781-9997 
Kansas 

Overland Park, KS 
(913) 236-8800 

Maryland 

Columbus, MD 
(410) 730-6119 

Massachusetts 

Wilmington, MA 
(508) 657-5900 

New Jersey 

Marlton, NJ 
(609) 983-5010 
Parsippany, NJ 
(201) 335-1766 
New York 
Farmingdale, NY 
(516) 391-3000 
Pittsford, NY 
(716) 381-9700 
North Carolina 
Raleigh, NC 
(919) 790-8094 

Ohio 

Cleveland, OH 
(216) 447-1520 

Texas 

Austin, TX 
(512) 331-9961 
Dallas, TX 
(214) 248-1603 
Stafford, TX 
(713) 240-5360 
Utah 

Murray, UT 
(801) 261-2999 

NEWARK ELECTRONICS 

Illinois 

Chicago, IL 
(312) 907-5436 

REPTRON ELECTRONICS 
Florida 

Tampa, FL 
(813) 854-2351 
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SALES OFF 



■ STERLING ELECTRONICS 



Arizona 


Texas 


Phoenix, AZ 


Austin, TX 


(602) 437-5565 


(512) 836-1341 


California 


Carrollton, TX 


Irvine, CA 


(214) 243-1600 


(714) 453-7660 


Houston, TX 


San Diego, CA 


(713) 627-9800 


(619) 560-8097 


Utah 


San Jose, CA 


Salt Lake City, UT 


(408) 435-0835 


(801) 972-5444 


Westlake Village, CA 


Virginia 


(818) 865-2333 


Richmond, VA 


Colorado 


(804) 323-5510 


Englewood, CO 




(303) 792-3939 


INTERNATIONAL 


Connecticut 


REPRESENTATIVES 


Wallingford, CT 
(203) 265-9535 


& DISTRIBUTORS 


Argentina 


Georgia 


Semark S.A. 


Norcross, GA 


54-1-381-2108 


(404) 441-0449 


Australia 


Illinois 


Dallas Identification 


Schaumburg, IL 


61-3-720-5344 


(708) 303-9900 


Veltek Pty. Ltd. 


Kansas 


61-3-9808-7511 


Lenexa, KS 


61-2-9713-4100 


(913) 492-5406 


Austria 


Maryland 

Columbia, MD 


Eurodis Electronics 

43-1-610620 


(410) 290-3800 


Belgium 


Massachusetts 


Acal Electronic Division 


Woburn, MA 


32-2-720-5983 


(617) 938-6200 


Bulgaria 


Minnesota 


Isomatic Lab Ltd. 


Minneapolis, MN 


359-2-731-463 


(612) 831-2666 


China 


New Jersey 

Edison, NJ 


Waslin (H.K.) Limited 

852-2-693-681 1 


(908) 417-1000 


Czech Republic 


Mt. Laurel, NJ 


HT-Eurep Elec.spol.sr.o. 


(609) 273-6420 


42-2-663-13053 


New Mexico 


Denmark 


Albuquerque, NM 


Micronor 


(505) 884-1900 


45-86-81-65-22 


North Carolina 


Finland 


Raleigh, NC 


Dalma Electronics Oy 


(919) 790-8634 


358-0271-1800 


Ohio 


France 


Solon, OH 


Avnet EMC SA. 


(216) 248-1122 


33-1-4965-2500 


Oklahoma 


Rep'Tronic 


Tulsa, OK 


(Representative) 


(918) 663-2410 


33-1-6013-9300 



Germany 
Atlantik Elektronik 

49-89-857-0000 
Future Electronics 

49-899-57270 

Great Britain 

D.T. Electronics Ltd. 

44-01203-466500 

Farnell Dialogue 

44-1-279-442971 

Future Electronics Ltd. 

44-1-753-687000 

Joseph Electronics 

44-21-643-6888 

Silver Birch Mktg. Ltd. 

44-1933-412285 

Greece 

Drogeta Engineering 

30-1-881-0948 

Hong Kong 

Cat Ltd. 

852-2-485-3899 

Hungary 

HT-Eurep Elec.kft. 

36-1-155-4748 

India 

Hynetic Electronics 
91-80-620-852 
Zetex PLC 
44-161-627-4963 
Ireland 

Bloomer Elec. Ltd. 

44-762-339818 

Israel 

STG International 

972-3-696-5231 
Italy 

Comprel, S.P.A. 

39-3-6255-3991 
Comprel Rep S.R.L. 

39-362-52 4941 

Japan 

Microtek Inc. 
81-3-5300-5535 
Systems Marketing 

81- 33-254-2751 
Korea 

Amerix Corporation 

82- 2-423-9623 
Sangsoo Electronics Co. 

82-2-780-5360 



Lithuania, Latvia 
& Estonia 
Rytter 

370-7-206244 

Malaysia 
Dynamar 

60-4-228-1860 

The Netherlands 
Alcorn Electronics BV 

31-10-451-9533 

New Zealand 

Components & 
Instrumentation NZ Ltd. 

64- 4-566-3222 
Norway 

BIT Elektronik k A.S. 

47- 66-98-1370 

Poland 

HT-Eurep Elec.sp.zo.o. 

48- 2-621-7704 

Portugal 

Comelta, S.A. 

351-1-941-6507 

Singapore 
Dynamar 

65- 542-1878 
Slovenia & Croatia 
Cadix d.o.o. 

386-61-1592577 

South Africa 

Tarsus Technology P.V.T. 

27-11-886-3165 

Spain 

Comelta, S.A. Barcelona 

34-3-582-1991 
Comelta, S.A. Madrid 
34-1-327-0614 
Sweden 

Dipcom Electronics AB 

46-87-522-480 

Switzerland 
Computer Controls AG 

41-1-308-6666 
Taiwan 

Landcol Enterprises 

886-2-377-6070 

Thailand 

Dynamar 

66- 2-376-0132 
Turkey 

Politeknik Elektronik 

90-232-232-7432 
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Silicon Timed Circuits 

Silicon Timed Circuits (often referred to as 
delay lines) are chips that make subtle adjust- 
ments to the timing of high-performance elec- 
tronics so that they will perform optimally. 
Because of the precision that lasers provide, 
some Silicon Timed Circuits can make timing 
adjustments down to a fraction of a nanosec- 
ond, which is the time it takes light to travel 
about a foot. For more information, call our 
Timing Problem Hotline at (214) 450-5348. 

Timekeeping 

A self-contained lithium energy source in con- 
junction with a silicon chip and quartz form a 
permanently powered clock/calendar within a 
single component. Various computer inter- 
faces are available including phantom, serial, 
PC DOS, and bytewide memory. 



Automatic Identification 

Touch Memory™ is a self-stick, Silicon Label™ 
in a stainless steel can. This MicroCan™ 
provides all the advantages canning has to 
offer, such as low cost, ruggedness, and the 
ability to preserve contents. The MicroCan's 
greatest advantage, however, is that a 
standalone chip can leave the confines of the 
computer and travel virtually anywhere to bring 
digital data to the point of use. Information can 
be updated time after time while the label is 
still affixed to its object. Wherever the silicon- 
labelled object goes, information is served up 
on the spot without recourse to remote net- 
works. This family also includes low-cost 
memory chips in TO-92 packages. 



XV 



PRODUCT OVERVIEW 






Software Authorization 

Software Authorization products protect soft- 
ware applications from unauthorized execu- 
tion and provide a means for PC and network 
access control. Software protection is achieved 
by using a Button as the "on" switch for a 
software application. The presence of a But- 
ton and validity of its contents determine 
the right to use. Buttons are very effective for 
implementing time- or count-based meter- 
ing as a way of extending the temporary right 
to use software while maintaining protection 
control. 

User-lnsertable Memory 

Nonvolatile memories are packaged so that 
they can be simply plugged in. A built-in lithium 
energy source ensures storage of programs 
and data for more than 10 years in the ab- 
sence of power. Applications for such products 
include portable data carrier, computer identifi- 
cation, system access control, secure person- 
nel areas, calibration, automatic system setup, 
and traveling work records. All products can 
be read or written by a PC. 

Microcontrollers 

The DS80C320 High-Speed Micro is an 
8051 family device that offers the highest 
performance in the industry for an 8-bit mi- 
crocontroller. Pin- and instruction set-com- 
patible with the standard 80C32, the High- 
Speed Micro uses only 4 clocks per instruc- 
tion, as compared with 12 on other 8051 's. 
Our DS500x Soft Micros convert industry- 
standard bytewide SRAM into high- 
performance, nonvolatile read/write storage. 
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System Extension 

These products add a variety of special fea- 
tures to systems without encumbering design. 
A digital potentiometer is an all-silicon ver- 
sion of an electrical element used in almost all 
electronic equipment. CPU supervisors 
monitor vital conditions for a microprocessor. 
Digital Thermometers measure temperature 
and directly output a digital number. 

Nonvolatile RAM 

Dallas Semiconductor has combined its cir- 
cuitry and understanding of ultra low-power 
CMOS SRAM with improvements in long-life 
lithium power sources to develop a family of 
nonvolatile RAMs that retain data for more 
than 10 years in the absence of main power. 




Telecommunications 

A comprehensive product family addresses 
the requirements of high-speed, digital voice/ 
data transmission and monitoring in T1 , CEPT, 
or Primary Rate ISDN networks. The DS21 51/ 
53 T1/E1 Single-Chip Transceivers combine 
all the circuitry needed to connect to a T1 or E1 
line in a single package. 



Battery Backup & Chargers 

The Battery Backup chip set crashproofs mi- 
croprocessor-based systems, ensuring that 
no information is lost when main power fails. 
When power returns, computing resumes as if 
the failure had not occurred. Battery Chargers 
contain all the circuitry needed to recharge a 
3-cell NiCad or lithium battery pack in a 3-pin 
package. 
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Teleservicing 

Teleservicing products can monitor equipment 
performance 24 hours a day, release software 
revisions, perform diagnostics, and make ad- 
justments — all from a desktop computer over 
an ordinary telephone line. 




SIP Stik Prefabs 

SIP Stiks are pretested subassemblies that 
snap into locking connectors for rapid con- 
struction of electronic systems. SIP Stiks in- 
crease density over traditional packing 
schemes five times by taking advantage of 
three, rather than the standard two, dimen- 
sions. SIP Stiks insert perpendicularly into the 
motherboard, making efficient use of the height 
dimension. 

Intelligent Sockets 

Intelligent Sockets incorporate active elec- 
tronics in connectors that can be plugged into 
a system. Each adds an important capability 
without requiring substantive changes in the 
system. Some products in this family safe- 
guard data in RAM for more than 10 years in 
the absence of external power. Others can 
time stamp and date events as well as 
nonvolatize RAM. 




Multiport Memory 

A complete family of FIFOs features identical 
pinouts that allow them to be interchanged. 
Designed for first-in, first-out processing for 
storing and retrieving data, the products are 
dual-ported for simultaneous reads and writes. 
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Dallas Semiconductor Corporation designs, 
manufactures, and markets electronic chips 
and chip-based subsystems. Founded in 1 984, 
the Company uses customer problems as an 
entry point to develop products with wide- 
spread applications. The Company is commit- 
ted to new product development as a means 
to increase future revenues and to diversify its 
markets, products, and customers. 

Advanced technologies have given the Com- 
pany a competitive edge over traditional ap- 
proaches to semiconductors. Combining 
lithium energy cells with low-power CMOS 
chips powers chips for the useful life of the 
equipment. Direct laser writing enhances chip 
capabilities with high levels of precision and 
unique identities. 

In its 11 -year history, Dallas Semiconductor 
has developed 215 base products with over 
1,000 variations shipped to more than 8,000 
customers worldwide. A direct sales force and 
distribution network sell to original equipment 
manufacturers (OEMs) in personal comput- 
ers and workstations, scientific and medical 
equipment, industrial controls, automatic iden- 
tification, telecommunications, consumerelec- 
tronics, and other markets. 

Sales for 1 994 totaled $1 81 ,432,000. Dallas 
Semiconductor has 850 employees. On 
March 19, 1990, the Company started trad- 
ing on the New York Stock Exchange under 
the symbol DS. 

TECHNOLOGY 

Dallas Semiconductor's special technolo- 
gies make possible Soft Silicon™ solutions — 
dynamic, flexible, chip-based products that 
can be molded in the final manufacturing 
stages or during use. Soft Silicon is made 
possible by lithium energy and direct laser 
writing. 



Lithium 

Using micro energy management techniques, 
Dallas Semiconductor has reduced power re- 
quirements to the point where a miniature 
lithium energy source powers products for the 
useful life of the equipment. Chips and Stiks 
(snap-in subassemblies) are made virtually 
crashproof with minimum current design tech- 
niques and special freshness seals that keep 
lithium cells from expending any energy until 
power is applied for the first time. Through 
these technologies, Dallas products remem- 
ber data throughout their operating life and 
can accept change. 

Laser 

Direct laser writing makes each chip unique 
at low cost. A sub-micron positioning laser 
and control software developed at Dallas 
can engrave individual chips with digital 
patterns. This ability to routinely alter, re- 
configure, or program individual chips after 
completion of wafer fabrication broadens 
the application base of products having 
similar design. Direct laser writing allows 
Dallas Semiconductor to develop highly 
accurate products for applications where 
precision is paramount. 

As a result of these Late Definition technolo- 
gies, exact chip definition can be left to the 
OEM. Certain chips can even be defined 
and redefined by the end system itself. 

MANUFACTURING AND FACILITIES 

As of January 1, 1995, the Company owns 
342,500 square feet of building space and 
22.9 acres of land in Dallas. The Company's 
wafer fabrication facility is a model of effi- 
ciency. In order to add capacity for growth the 
Company built a new advanced wafer fabrica- 
tion facility that began production in 1 994. The 
new fab is an important asset in terms of its 
capacity and process capabilities. 
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QUALITY SYSTEM 

Product quality at Dallas Semiconductor results from a 
combination of design techniques, vendor controls, 
manufacturing methods, process monitors, and quality 
control inspections. SPC monitors placed at strategic 
points ensure that pptential defects are detected 
promptly. 

QUALITY CONTROL PROCESSES 

• Incoming Quality Control (IQC): Piece parts and raw 
materials are inspected by IQC. New vendors and 
piece parts receive a First Article Inspection; subse- 
quent incoming materials receive a sample inspection 
perMIL-STD-105. 

• In-Process Inspections: Each manufacturing opera- 
tion inspects its own work, ensuring immediate feed- 
back and preventing deviations from going unde- 
tected due to subsequent processing. 

• Statistical Process Control (SPC): Implemented in 
manufacturing, this process determines what inputs 
to the product flow are critical and how to track and 
control those inputs. Quality Engineering provides 
training, computer analysis, and feedback to 
manufacturing. 

• In-Process Sample Tests: In order to guarantee the 
accuracy and completeness of in-process inspec- 
tions and SPC monitors, QC Toll Gates at strategic 
locations perform sample inspections per MIL- 
STD-105. 

RELIABILITY SYSTEM 

Reliability is accomplished through a rigorous, compre- 
hensive methodology of qualifying, analyzing, and mon- 
itoring new equipment, processes, products, and pack- 
ages. A state-of-the-art environmental facility allows 
accelerated stresses to be performed and monitored in- 
house. In addition, a metallurgical laboratory has been 
equipped to perform real-time x-ray, x-ray florescence, 
and solderability measurements. 

To minimize the human influence on the outcome of the 
reliability activity, a dedicated group of technicians and 
assistants handle all reliability stressing and testing. 
Reliability data resides on a customized computer- 
based tracking and retrieval system. Technical support 
includes oven and chamber calibrations, 100% electri- 
cal board checks, and strict electrostatic protection. 



PRODUCT QUALIFICATION 

Product qualification activity at Dallas Semiconductor 
involves a series of accelerated stress tests applied to 
production-ready material and follows a defined qualifi- 
cation plan. Random samples from at least three pro- 
duction lots, equally representing the production ver- 
sion of the product, are tested to meet reliability 
requirements. Any device failures detected during pro- 
duction qualification or subsequent monitoring are fully 
analyzed in our Failure Analysis Laboratory. 

Products at Dallas Semiconductor fall into one of three 
classifications: Prototype or Engineering Sample, Pre- 
qual, and Fully Qualified. 

• Prototype or Engineering Sample: Prototype prod- 
ucts have not been fully characterized to all data sheet 
limits. However, based upon limited data, these prod- 
ucts will meet data sheet limits. Final test and all pro- 
cesses used to manufacture the product are under 
engineering control. Qualification of the product has 
not started. The brand on prototype products will be 
PROTO or ES. 

• Prequal: Prequal products meet prototype require- 
ments and are characterized to all data sheet limits. 
Final test and all processes used to manufacture the 
product are stable and under manufacturing control. 
Qualification of the product has started. 

• Fully Qualified: Fully qualified products meet proto- 
type and prequal requirements. The qualification re- 
quirements given in the next section have been com- 
pleted. Product must statistically meet reliability 
failure rates and quality requirements as established 
by Quality and Reliability Engineering. 

Tables 1 , 2 and 3 list the tests which a Dallas Semicon- 
ductor product must pass in order to be classified as ful- 
ly qualified. 

RELIABILITY MONITOR PROGRAM 

In order to maintain continuous qualification status on all 
products, Dallas Semiconductor has implemented an 
extensive Reliability Monitor Program (RMP). The RMP 
monitors all design, wafer fabrication, and assembly pro- 
cesses in the qualified products database. Product is 
selected monthly from finished goods and subjected to a 
series of reliability tests similar to those used in the origi- 
nal qualification. Any failures generated from these tests 
require analysis to root cause and corrective action. 

Data from the RMP is published quarterly and is avail- 
able on demand. 
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FULL QUALIFICATION REQUIREMENTS FOR INTEGRATED CIRCUIT PRODUCTS Table 1 



STRESS/TEST 


CONDITION 


DURATION 


ACCEPTANCE CRITERIA 
(LTPD) 


Outgoing Elec. Test 


Data Sheet 


Hr. 


0.15% 


Infant Life 


125°C, 7.0V 


48 Hr. 


0.3% 


High Temperature 
Operating Life 


125°C, 5.5V 


1000 Hr. 


*0.4% 


Use Condition Prediction 


55°C, 5.5V 


10 years 


50 Fits 


High Voltage Life 


125°C, 7.0V 


1000 Hr. 


*0.4% 


High Temperature Storage 


150°C, No Bias 


1000 Hr. 


2.0% 


Temperature Humidity Bias 


85°C/85% RH, 5.5V 


1000 Hr. 


1 .0% 


Autoclave 


121°C, 2 ATM Steam, 
Unbiased 


168 Hr. 


1 .5% 


Temperature Cycle 


-55°C to+125°C 


1000 cycle 


1 .0% 


X-Ray 


MIL-STD-883 
Method 2012 




15% 


Bond Pull 


MIL-STD-883 
Method 2011 


Premold 


1 .5% 


Dimensions 


MIL-STD-883 
Method 2016 




15% 


Lead Integrity 


MIL-STD-883 
Method 2004 




3.0% 


Solderability 


MIL-STD-883 
Method 2003 


8 Hr. Steamage 


3.0% 


ESD 


MIL-STD-883 
Method 3015 




> ±1000 volts 


Latch-up 


JEDEC Std. 17 




> 100 mW/pin 



* Combined high voltage life and operating life requirement. 
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FULL QUALIFICATION REQUIREMENTS FOR MODULE PRODUCTS Table 2 



STRESS/TEST 


CONDITION 


DURATION 


ACCEPTANCE CRITERIA 
(LTPD) 


Outgoing Elec. Test 


Data Sheet 


OHr. 


0.15% 


Use Condition Prediction 


55°C, 5.5V 


1 years 


50 Fits 


High Temperature Storage 


85°C, No Bias 


1000 Hr. 


2.0% 


'Temperature Humidity 
Bias 


85°C/85% RH, 5.5V 


959 Hr. 


1.0% 


Temperature Cycle 


-40°C to +85°C 


1 000 cycle 


1.0% 


X-Ray 


MIL-STD-883 
Method 2012 




15% 


Dimensions 


MIL-STD-883 
Method 2016 




15% 


Lead Integrity 


MIL-STD-883 
Method 2004 




3.0% 


Solderability 


MIL-STD-883 
Method 2003 


8 Hr. Steamage 


3.0% 



* Selected products. 



FULL QUALIFICATION REQUIREMENTS FOR SIPSTIK AND 
TOUCH MEMORY PRODUCTS Table 3 



STRESS/TEST 


CONDITION 


DURATION 


ACCEPTANCE CRITERIA 
(LTPD) 


Outgoing Elec. Test 


Data Sheet 


Hr. 


0.15% 


High Temperature Storage 


85°C, No Bias 


1000 Hr. 


7.0% 


Temperature Humidity 


60°C/90% RH 


288 Hr. 


7.0% 


Temperature Cycle 


-40°C to +85°C 


500 cycle 


7.0% 
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HIGH-SPEED MICROCONTROLLER USER'S GUIDE 



SECTION 1: INTRODUCTION 

The Dallas Semiconductor High-Speed Microcontroller 
is an 8051 -compatible device that provides improved 
performance and power consumption compared to the 
original version. It retains instruction set and object code 
compatibility with the 8051, yet performs the same 
operations in fewer clock cycles. Consequently, more 
throughput is possible for the same crystal speed. As an 
alternative, the High-Speed Microcontroller can be run 
slowly to save power. The more efficient design allows a 
much slower crystal speed to get the same results as an 
original 8051 , using much less power. 

The fundamental innovation of the High-Speed Micro- 
controller is the use of only four clocks per instruction 
cycle compared with twelve for the original 8051 . This 
results in up to 3 times improvement in performance. In 
addition, the High-Speed Microcontroller is updated 
with several new peripherals and features while provid- 
ing all of the standard features of an 80C32. These 
include 256 bytes of on-chip RAM, 32 I/O ports, three 
16-bit timer/counters, and an on-chip UART All de- 
vices provide 256 bytes of RAM for variables and stack. 
128 bytes can be reached using direct addressing and 
128 using indirect addressing. The RAM area matches 
the standard 80C32. 

In addition to improved efficiency, many members of the 
High-Speed Microcontroller family can operate at a 
maximum clock rate of 33 MHz. Combined with the 3 
times performance, this allows for a maximum perfor- 
mance equivalent to a 99 MHz 8051 . This level of com- 
puting power is comparable to many 1 6-bit processors, 
but without the added expense and complexity of imple- 
menting a 16-bit interface. 



A number of peripherals were added to the original 
80C32 core when designing the High-Speed Microcon- 
troller family. Some devices have a programmable 
Watchdog Timer to supervise the system. It will count up 
to a user programmable interval and then reset the CPU 
unless cleared by software. Other features such as a 
second, full-function UART and dual data pointers are 
available to minimize external hardware and system 
complexity. The incorporation of 6 external interrupts al- 
lows greater flexibility in dealing with external events. 

Some members of the High-Speed Microcontroller 
family incorporate Power Management Modes which al- 
low the device to dynamically vary the internal clock 
speed from 4 clocks per cycle (default) to 64 or 1024 
clocks per cycle. Because power consumption is direct- 
ly proportional to clock speed, the device can reduce its 
operating frequency during periods of little or no activity. 
This greatly reduces power consumption. The switch- 
back feature allows the device to quickly return to divide 
by 4 mode upon receipt of an interrupt or serial port ac- 
tivity, allowing the device to respond to external events 
while in Power Management Mode. 

Various memory configurations are available with the 
High-Speed Microcontroller family. EPROM and Mask 
programmable ROM versions are available for program 
memory. Some versions incorporate extended MOVX 
SRAM on-chip, reducing or eliminating the need for ex- 
ternal data memory. This memory can be made nonvol- 
atile in the DS87C530 through the use of an external lith- 
ium battery. 
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SECTION 2: ORDERING INFORMATION 

The High-Speed Microcontroller family follows the part 
numbering convention shown below. Note that all com- 

DS80C320-MCG 



binations of devices are not currently available. Please 
refer to individual data sheets for the available versions. 



SPEED: G 25 MHz 

L 33 MHz 

TEMPERATURE: C 0°C to 70°C 

N -40°Cto+85°C 

PACKAGE: M PLASTIC DIP 

Q PLCC 

E THIN PLASTIC QUAD FLAT PACK (TQFP) 
W 40-PIN WINDOWED CERDIP 
K 52-PIN WINDOWED CERQUAD 

OPERATING VOLTAGE: +5V 

3 +3V OR WIDE VOLTAGE 

MEMORY TYPE: ROMIess 

3 ROM 
7 EPROM 
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SECTION 3: ARCHITECTURE 

The High-Speed Microcontroller is based on the indus- 
try standard 80C52. The core is an accumulator based 
architecture using internal registers for data storage and 
peripheral control. It executes the standard 8051 
instruction set. This section provides a brief description 
of each architecture feature. Details concerning the pro- 
gramming model, instruction set, and register descrip- 
tions are provided in Section 4. 

ALU 

The ALU is responsible for math functions, compari- 
sons, and general decision making in the High-Speed 
Microcontroller. The ALU is not explicitly used by soft- 
ware. Instruction decoding prepares the ALU automati- 
cally and passes it the appropriate data. The ALU pri- 
marily uses two special function registers (SFRs) as the 
source and destination for all operations. These are the 
Accumulator and B register. The ALU also provides sta- 
tus information in the Program Status Register. The 
SFRs are described below. 

SPECIAL FUNCTION REGISTERS 

All peripherals and operations that are not explicit 
instructions in the High-Speed Microcontroller are con- 
trolled via Special Function Registers (SFRs). All SFRs 
are described in Section 4. The most commonly used 
registers that are basic to the architecture are also 
described below. 

Accumulator 

The Accumulator is the primary register used in the 
High-Speed Microcontroller. It is the source and des- 
tination of most math, data movement, decisions, and 
other operations. Although it can be bypassed, most 
high-speed instructions require the use of the Accumu- 
lator (ACC) as one argument. 

B Register 

The B register is used as the second 8-bit argument in 
multiply and divide operations. When not used for these 
purposes, the B register can be used as a general pur- 
pose register. 

Program Status Word 

The Program Status Word holds a selection of bit flags 
that include the Carry Flag, Auxiliary Carry Flag, Gen- 



eral Purpose Flag, Register Bank Select, Overflow 
Flag, and Parity Flag. 

Data Pointer(s) 

The Data Pointer is used to designate a memory 
address for the MOVX instruction. This address can 
point to a MOVX RAM location, either on- or off-chip, or 
a memory mapped peripheral. When moving data from 
one memory area to another or from memory to a 
memory mapped peripheral, a pointer is needed for 
both the source and destination. Thus, the High-Speed 
Microcontroller offers two data pointers. The user 
selects the active pointer via a dedicated SFR bit. 

Stack Pointer 

The High-Speed Microcontroller provides a Stack in the 
scratchpad RAM area discussed below. The Stack 
Pointer denotes the register location at the top of the 
Stack, which is the last used value. The user can place 
the Stack anywhere in scratchpad RAM by setting the 
Stack Pointer to that location. 

I/O Ports 

The standard High-Speed Microcontroller offers four 
8-bit I/O ports. ROMIess versions use Port and Port 2 
as address and data busses. In those versions, only two 
ports are available for general purpose I/O. Each I/O 
port is a Special Function Register that can be written or 
read. The I/O port has a latch that retains the value 
which software writes. In general, during a read opera- 
tion, software reads the state of the external pin. Each 
port is represented by an SFR location. 

Timer/Counters 

Three 1 6-bit Timer/Counters are available in the High- 
Speed Microcontroller. Each timer is contained in two 
SFR locations that can be written or read by software. 
The timers are controlled by other SFRs described in 
Section 4. 

UARTs 

The High-Speed Microcontroller provides one or two 
UARTs. These are controlled and accessed as SFRs. 
Each UART has an address that is used to read or write 
the UART. The same address is used for both read and 
write operations. The microcontroller distinguishes 
between a read and a write by the instruction. Each 
UART is controlled by its own SFR control register. 
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SCRATCHPAD REGISTERS (RAM) 

The High-Speed Core provides 256 bytes of Scratch- 
pad RAM for general purpose data and variable stor- 
age. The first 128 bytes are directly available to soft- 
ware. The second 128 are available through indirect 
addressing discussed below. Selected portions of this 
RAM have other optional functions. 

Stack 

The stack is a RAM area that the microcontroller uses to 
store return address information during Calls and Inter- 
rupts. The user can also place variables on the stack 
when necessary. The Stack Pointer mentioned above 
designates the RAM location that is the top of the stack. 
Thus, depending on the value of the Stack Pointer, the 
stack can be located anywhere in the 256 bytes of RAM. 
A common location would be in the upper 128 bytes of 
RAM, as these are accessible through indirect addres- 
sing only. 

Working Registers 

The first thirty two bytes of the Scratchpad RAM can be 
used as four banks of eight Working Registers for high 
speed data movement. Using four banks, software can 
quickly change context by simply changing to a different 
bank. In addition to the Accumulator, the Working Reg- 
isters are commonly used as a data source or destina- 
tion. Some of the Working Registers can also be used 
as pointers to other RAM locations (indirect addres- 
sing). 

PROGRAM COUNTER 

The Program Counter (PC) is a 1 6-bit value that desig- 
nates the next program address to be fetched. On-chip 
hardware automatically increments the PC value to 
move to the next ROM location. 

ADDRESS/DATA BUS 

The High-Speed Microcontroller addresses a 64KB 
program and 64KB data memory area. In the ROMIess 
versions, all memory is outside. Other versions use a 
combination of internal and external memory. When 
external memory is accessed, Ports and 2 are used as 
a multiplexed address and data bus. Port 2 provides the 
address MSB. Even versions with internal memory can 
use the bus on Ports and 2 to access more memory. 



WATCHDOG TIMER 

The Watchdog Timer provides a supervisory function for 
applications that cannot afford to run out of control. The 
Watchdog Timer is a programmable free running timer. 
If allowed to reach the termination of its count, if 
enabled, the Watchdog will reset the CPU. Software 
must prevent this by clearing or resetting the Watchdog 
prior to its time-out. 

POWER MONITOR 

Some members of the High-Speed Microcontroller 
family incorporate a band-gap reference and analog 
circuitry to monitor the power supply conditions. If Vqc 
begins to drop out of tolerance, the Power Monitor will 
issue an optional early warning Power-fail Interrupt. If 
power continues to fall, the Power Monitor will invoke a 
reset condition. This will remain until power returns to 
normal operating voltage. The Power Monitor also func- 
tions on power up, holding the microcontroller in a reset 
state until power is stable. 

INTERRUPTS 

The High-Speed Microcontroller is capable of evaluat- 
ing a number of interrupt sources simultaneously. Each 
version of the High-Speed Microcontroller provides a 
different number of interrupt sources. Each interrupt has 
an associated interrupt vector, flag, priority, and enable. 
These interrupts can be globally enabled or disabled. 

TIMING CONTROL 

The High-Speed Microcontroller provides an on-chip 
oscillator for use with an external crystal. This can be 
bypassed by injecting a clock source into the XTAL1 pin. 
The clock source is used to create machine cycle timing 
(four clocks), ALE, PSEN, Watchdog, Timer, and serial 
baud rate timing. In addition, some devices incorporate 
an on-chip ring oscillator which can be used to provide 
an approximately 2-4- MHz clock source. 

REAL-TIME CLOCK 

The DS87C530 incorporates a real-time clock (RTC), 
which is accessed via SFR locations. The RTC is di- 
vided into hour, minute, second, and subsecond regis- 
ters, and also incorporates a 65536 day calendar. Alarm 
registers allow the RTC to issue interrupts at a specific 
time once per day, or as a recurring alarm every hour, 
minute, or second. An external watch crystal and lithium 
power source allow the processor to maintain timekeep- 
ing in the absence of Vqc- 
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FEATURE SUMMARY 

The High-Speed Microcontroller family offers a com- 
bination of features and peripherals as shown in Table 
3-1 . This User's Guide is designed as a comprehen- 



sive guide covering all the features available in the 
High-Speed Microcontroller family. The designer 
should investigate the specific data sheet to determine 
which features are available on a particular device. 



PRODUCT FEATURE MATRIX 3-1 
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SECTION 4: PROGRAMMING MODEL 

This section provides a programmer's overview of the 
High-Speed Microcontroller core. It includes informa- 
tion on the memory map, on-chip RAM, Special Func- 
tion Registers (SFRs), and instruction set. The pro- 
gramming model of the High-Speed Microcontroller is 
very similar to that of the industry standard 80C52. The 
memory map is identical. It uses the same instruction 
set, though instruction timing is improved. Several new 
SFRs have been added. 

MEMORY ORGANIZATION 

The High-Speed Microcontroller, like the 8052, uses 
several distinct memory areas. These are Registers, 
program memory, and data memory. Registers serve to 
control on-chip peripherals and as RAM. Note that Reg- 
isters (on-chip RAM) are separate from data memory. 
Registers are divided into three categories including 
directly addressed on-chip RAM, indirectly addressed 
on-chip RAM, and Special Function Registers. The pro- 
gram and data memory areas are discussed under 
Memory Map. The Registers are discussed under Reg- 
ister Map. 

MEMORY MAP 

The High-Speed Microcontroller uses a memory 
addressing scheme that separates program memory 
(ROM) from data memory (RAM). Each area is 64KB 
beginning at address OOOOh and ending at FFFFh as 
shown in Figure 4-1 . The program and data segments 
can overlap since they are accessed in different ways. 
Program memory is fetched by the microcontroller auto- 
matically. These addresses are never written by soft- 
ware. In fact, there are no instructions that allow the 
ROM area to be written. There is one instruction 
(MOVC) that is used to explicitly read the program area. 
This is commonly used to read look-up tables. The data 
memory area is accessed explicitly using the MOVX 
instruction. This instruction provides multiple ways of 
specifying the target address. It is used to access the 
64KB of data memory. 

The address and data range of devices with on-chip 
program and data memory overlap the 64K memory 
space. When on-chip memory is enabled, accessing 
memory in the on-chip range will cause the device to 
access internal memory. Memory accesses beyond the 
internal range will be addressed externally via ports 
and 2. 



The ROMSIZE feature allows software to dynamically 
configure the maximum address of on-chip program 
memory. This allows the device to act as a bootstrap 
loader for an external Flash or nonvolatile SRAM. Sec- 
ondly, this method can also be used to increase the 
amount of available program memory from 64KB to 
80KB without bank switching. For more information on 
this feature, please consult Section 6. 

Program and data memory can also be increased be- 
yond the 64KB limit using bank switching techniques. 
This is described in Application Note 81 , Memory Ex- 
pansion with the High-Speed Microcontroller family. 

REGISTER MAP 

The Register Map is illustrated in Figure 4-2. It is 
entirely separate from the program and data memory 
areas mentioned above. A separate class of instruc- 
tions is used to access the registers. There are 256 
potential register location values. In practice, the High- 
Speed Microcontroller has 256 bytes of Scratchpad 
RAM and up to 1 28 Special Function Registers (SFRs). 
This is possible since the upper 128 Scratchpad RAM 
locations can only be accessed indirectly. That is, the 
contents of a Working Register (described below) will 
designate the RAM location. Thus a direct reference to 
one of the upper 1 28 locations must be an SFR access. 
Direct RAM is reached at locations to 7Fh (0 to 127). 
SFRs are accessed directly between 80h and FFh (128 
to 255). The RAM locations between 128 and 255 can 
be reached through an indirect reference to those loca- 
tions. 

Scratchpad RAM is available for general purpose data 
storage. It is commonly used in place of off-chip RAM 
when the total data contents are small. When off-chip 
RAM is still needed, the Scratchpad area will still pro- 
vide the fastest general purpose access. Within the 256 
bytes of RAM, there are several special purpose areas. 
These are described as follows. 

Bit Addressable Locations 

In addition to direct register access, some individual bits 
are also accessible. There are individually addressable 
bits in both the RAM and SFR area. In the Scratchpad 
RAM area, registers 20h to 2Fh are bit addressable. 
This provides 128 (16 * 8) individual bits available to 
software. A bit access is distinguished from a full regis- 
ter access by the type of instruction. Addressing modes 
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are discussed in Section 5. In the SFR area, any register 
location ending in a or 8 is bit addressable. Figure 4-3 
shows details of the on-chip RAM addressing including 
the locations of individual RAM bits. 

Working Registers 

As part of the lower 1 28 bytes of RAM, there are four 
banks of eight Working Registers (each). The Working 
Registers are general purpose RAM locations that can 
be addressed in a special way. They are designated RO 
through R7. Since there are four banks, the currently 
selected bank will be used by any instruction using 
R0-R7. This allows software to change context by sim- 
ply switching banks. This is controlled via the Program 
Status Word register in the SFR area described below. 
The Working Registers also allow their contents to be 
used for indirect addressing of the upper 128 bytes of 
RAM. Thus an instruction can designate the value 

MEMORY MAP Figure 4-1 

FFFFh I 1 



stored in RO (for example) to address the upper RAM. 
This value might be the result of another calculation. 

Stack 

Another use of the Scratchpad area is for the program- 
mer's stack. This area is selected using the Stack 
Pointer (SP.81 h) SFR. Whenever a jump, call, or inter- 
rupt is invoked, the return address is placed on the 
Stack. It also is available to the programmer for vari- 
ables, etc. Since the Stack can be moved, there is no 
fixed location within the RAM designated as Stack. The 
Stack Pointer will default to 07h on reset. The user can 
then move it as needed. A convenient location would be 
the upper RAM area (>7Fh) since this is only available 
indirectly. The SP will point to the last used value. There- 
fore, the next value placed on the Stack is put at SP + 1 . 
Each PUSH or CALL will increment the SP by the 
appropriate value. Each POP or RET will decrement as 
well. 
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REGISTER MAP Figure 4-2 
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SCRATCHPAD REGISTER ADDRESSING Figure 4-3 
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SPECIAL FUNCTION REGISTERS 

The High-Speed Microcontroller, like the 8051, uses 
Special Function Registers (SFRs) to control peripherals 
and modes. In many cases, an SFR will control individual 
functions or report status on individual functions. The 
SFRs reside in register locations 80h-FFh and are 
reached using direct addressing. SFRs that end in or 8 
are bit addressable. 



All standard SFR locations from the original 8051 are 
duplicated in the High-Speed Microcontroller, with sever- 
al additions. Following tables illustrate the locations of the 
SFRs for various devices. Following each table is a de- 
scription of the default reset conditions of all SFR bits. 
The following section is a detailed description of each 
Special Function Register. 



DS80C310 SPECIAL FUNCTION REGISTER LOCATIONS Table 4-1 



REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 
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BITO 


ADDRESS 


SP 
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DPL 
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DS80C310 SPECIAL FUNCTION REGISTER RESET VALUES Table 4-2 



REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


SP 

















1 


1 


1 


81h 


DPL 


























82h 
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DPL1 


























84h 
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85h 


DPS 


























86h 
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TCON 


























88h 


TMOD 
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TLO 


























8Ah 


TL1 


























8Bh 


THO 


























8Ch 


TH1 


























8Dh 
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- 


- 
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8Eh 


P1 
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1 


1 


1 


1 


1 


1 


1 


90h 


EXIF 














- 
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- 
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91 h 
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P2 
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AOh 


IE 
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A9h 


P3 
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1 
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BOh 


IP 
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B9h 


STATUS 
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1 
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C8h 


T2MOD 




- 


- 


- 


- 


- 








C9h 


RCAP2L 


























CAh 
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CBh 
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DS80C320/DS80C323 SPECIAL FUNCTION REGISTER LOCATIONS Table 4-3 



REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


SP 


















81h 


DPL 


















82h 


DPH 


















83h 


DPL1 


















84h 


DPH1 


















85h 


DPS 























SEL 


86h 


PCON 


SMOD_0 


SMODO 


- 


- 


GF1 


GFO 


STOP 


IDLE 


87h 


TCON 


TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


IEO 


ITO 


88h 


TMOD 


GATE 


erf 


M1 


MO 


GATE 


erf 


M1 


MO 


89h 


TLO 


















8Ah 


TL1 


















8Bh 


THO 


















8Ch 


TH1 


















8Dh 


CKCON 


WD1 


WDO 


T2M 


T1M 


TOM 


MD2 


MD1 


MDO 


8Eh 


P1 


P1.7 


P1.6 


P1.5 


P1.4 


P1.3 


P1.2 


P1.1 


P1.0 


90h 


EXIF 


IE5 


IE4 


IE3 


IE2 


- 


RGMD 


RGSL 


BGS 


91h 


SCONO 


SMO/FE_0 


SM1J 


SM2J) 


REN_0 


TB8JD 


RB8_0 


TLO 


Rl_0 


98h 


SBUFO 


















99h 


P2 


P2.7 


P2.6 


P2.5 


P2.4 


P2.3 


P2.2 


P2.1 


P2.0 


AOh 


IE 


EA 


ES1 


ET2 


ESO 


ET1 


EX1 


ETO 


EXO 


A8h 


SADDRO 


















A9h 


SADDR1 


















AAh 


P3 


P3.7 


P3.6 


P3.5 


P3.4 


P3.3 


P3.2 


P3.1 


P3.0 


BOh 


IP 




PS1 


PT2 


PSO 


PT1 


PX1 


PTO 


PXO 


B8h 


SADENO 


















B9h 


SADEN1 


















BAh 


SCON1 


SM0/FE_1 


SM1_1 


SM2_1 


REN_1 


TB8_1 


RB8_1 


Tl_1 


RM 


COh 


SBUF1 


















C1h 


STATUS 


PIP 


HIP 


LIP 


1 


1 


1 


1 


1 


C5h 


TA 


















C7h 


T2CON 


TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


C/T2 


CP/RL2 


C8h 


T2MOD 




- 


- 


- 


- 


- 


T20E 


DCEN 


C9h 


RCAP2L 


















CAh 


RCAP2H 


















CBh 


TL2 


















CCh 


TH2 


















CDh 


PSW 


CY 


AC 


FO 


RS1 


RSO 


OV 


FL 


P 


DOh 


WDCON 


SMOD_1 




EPFI 


PFI 




WTRF 






D8h 


ACC 


















EOh 


EIE 








EWDI 


EX5 


EX4 


EX3 


EX2 


E8h 


B 


















FOh 


EIP 








PWDI 


PX5 


PX4 


PX3 


PX2 


F8h 
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DS80C320/DS80C323 SPECIAL FUNCTION REGISTER RESET VALUES Table 4-4 



REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


SP 





o 











1 


1 


1 


81h 


DPL 


o 























82h 


DPH 


o 


o 




















83h 


DPL1 


o 


o 


o 

















84h 


DPH1 


























85h 


DPS 


o 























86h 


PCON 
























87h 


TCON 


o 


o 


o 

















88h 


TMOD 


o 


o 


o 

















89h 


TLO 


o 


o 


o 


o 














8Ah 


TL1 


o 


o 


o 


o 


o 


o 


o 


o 


8Bh 


THO 


o 


o 


o 


o 


o 


o 


o 


o 


8Ch 


TH1 


o 


o 


o 


o 


o 


o 


o 


o 


8Dh 


CKCON 


o 


o 


o 


o 


o 


o 


o 


1 


8Eh 


P1 


1 


1 


1 


1 


t 


1 


1 


1 


90h 


EXIF 


o 


o 


o 


o 






SPECIAL 




91 h 


SCONO 


o 





o 


o 


o 


o 


o 


o 


98h 


SBUFO 


o 


o 


o 


o 


o 


o 


o 


o 


99h 


P2 


1 


1 


1 


1 


■( 


1 


1 


1 


AOh 


IE 


o 


o 


o 


o 


o 


o 


o 


o 


A8h 


SADDRO 


o 


o 


o 


o 


o 


o 


o 


o 


A9h 


SADDR1 


o 


o 


o 


o 


o 


o 


o 


o 


AAh 


P3 


1 




1 


1 


1 


1 


1 


1 


BOh 


fP 




o 


o 


o 


o 


o 


o 


o 


B8h 


SADENO 


o 


o 


o 


o 


o 


o 


o 


o 


B9h 


SADEN1 


o 


o 


o 


o 


o 


o 


o 


o 


BAh 


SCON1 


o 


o 


o 


o 


o 


o 


o 


o 


COh 


SBUF1 


o 


o 


o 


o 


o 


o 


o 


o 


C1h 


STATUS 


o 


o 


o 


1 


1 


1 


1 


1 


C5h 


TA 


1 


1 


1 


1 


1 


1 


1 


1 


C7h 


T2CON 


o 


o 


o 


o 


o 


o 


o 


o 


C8h 


T2MOD 














o 


o 


C9h 


RCAP2L 


o 


o 


o 


o 


o 


o 


o 


o 


CAh 


RCAP2H 


o 


o 


o 


o 


o 


o 


o 


o 


CBh 


TL2 


o 


o 


o 


o 


o 


o 


o 


o 


CCh 


TH2 


o 


o 


o 


o 


o 


o 


o 


o 


CDh 


PSW 


























DOh 


WDCON 





SPECIAL 





SPECIAL 





SPECIAL 


SPECIAL 





D8h 


ACC 


























EOh 


EIE 























E8h 


B 


























FOh 


E!P 























F8h 
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DS83C520/DS87C520 SPECIAL FUNCTION REGISTER LOCATIONS Table 4-7 



nCUlO 1 Cn 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT 1 


BIT 


ADDRESS 


PO 




PO 6 


PO 5 


PO 4 


PO 3 


P0.2 


P0.1 


PO.O 


80h 


SP 


















81 h 


DPL 


















82h 




















83h 


DPL1 


















84h 




















85h 


DPS 






o 


o 




Q 


o 


SEL 


86h 


PCON 


OlVlUU_U 


OlvlULJU 






GF1 


GFO 


STOP 


IDLE 


87h 


TCON 


TF1 






TRO 


IE1 


IT1 


IE0 


ITO 


88 h 


TMOD 


GATE 


U/ I 




MO 


GATE 


C/T 


Ml 


MO 


89h 


TLO 


















8Ah 


TL1 


















otsn 


THO 


















8Ch 


TH1 






















WD1 














MDO 


8Eh 


P1 


P1 .7 


P1 .6 


P1 .5 


P1 .4 


P1 .3 


P1 .2 




P1 .0 


90h 


EXIF 


IE5 


IE4 


IE3 


IE2 


XT/RG 


RGMD 


RGSL 


BGS 


91 h 




oMU/r t_U 


SM1_0 


SM2_0 


REN_0 


TB8_0 


_RB8_0 


Tl 


Ri_0 


98h 


SBUFO 




















P2 


P2.7 


P2.6 


P2.5 


P2.4 


P2.3 


P2.2 






AOh 


IE 


EA 


ES1 


ET2 


ESO 


ET1 


EX1 


ETO 


EXO 


A8h 


bAUUHU 




















oAUDHI 


















AAh 




P3.7 


P3.6 


P3.5 


P3.4 


P3.3 


P3.2 


P3.1 


P3.0 


BOh 


IP 




PS1 


PT2 


PSO 


PT1 


PX1 


PTO 


PXO 


B8h 


C A PlCMn 

oAUblMU 


















B9h 


DAUbPil 


















BAh 


SC0N1 


olVIU/rt:_ l 


SM1_1 


SM2_1 


REN_1 


TB8_1 


RB8_1 


Tl_1 


RM 


COh 




















C1h 


DAMCI7C 
nUlvlolit 














C2h 


PMR 


CD1 


CDO 


SWB 




XTOFF 


ALEOFF 


DME1 


DMEO 


C4h 


STATUS 


PIP 


HIP 


LIP 


XTUP 


SPTA1 


SPRA1 


SPTAO 


SPRAO 


C7h 


TA 


















C7h 


T2C0N 


TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


cr\2 


CP/RL2 


C8h 


T2M0D 














T20E 


DCEN 


C9h 


HOArVL. 


















CAh 


RCAP2H 


















CBh 


TL2 


















CCh 


1 r\d. 


















CDh 


PSW 


CY 


AC 


FO 


RS1 


RSO 


OV 


FL 


P 


DOh 


WDCON 


SMOD_1 


POR 


EPFI 


PFI 


WDIF 


WTRF 


—rrz 

EWT 


RWT 


D8h 


ACC 


















EOh 


EIE 








EWDI 


EX5 


EX4 


EX3 


EX2 


E8h 


B 


















FOh 


EIP 








PWDI 


PX5 


PX4 


PX3 


PX2 


F8h 



Shaded bits are Timed Access protected. 
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DS83C520/DS87C520 SPECIAL FUNCTION REGISTER RESET VALUES Table 4-8 



REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT 1 


BIT 


ADDRESS 


SP 

















1 


1 


1 


81h 


DPL 


























82h 


DPH 


























83h 


DPL1 


























84h 


DPH1 


























85h 


DPS 


























86h 


PCON 
























87h 


TCON 


























88h 


TMOD 


























89h 


TLO 


























8Ah 


TL1 


























8Bh 


THO 


























8Ch 


TH1 


























8Dh 


CKCON 























1 


8Eh 


P1 


1 


1 


1 


1 


1 


1 


1 


1 


90h 


EXIF 














SPECIAL 


SPECIAL 


SPECIAL 





91 h 


SCONO 


























98h 


SBUFO 


























99h 


P2 


1 


1 


1 


1 


1 


1 


1 


1 


AOh 


IE 


























A8h 


SADDRO 


























A9h 


SADDR1 


























AAh 


P3 


1 


1 


1 


1 


1 


1 


1 


1 


BOh 


IP 


~ 























B8h 


SADENO 


























B9h 


SADEN1 


























BAh 


SCON1 


























COh 


SBUF1 


























C1h 


ROMSIZE 




* 


— 


— 


— 


1 





1 


C2h 


PMR 





1 



















C4h 


STATUS 











SPECIAL 














C5h 


TA 


1 


1 


1 


1 


1 


1 


1 


1 


C7h 


T2CON 


























C8h 


T2MOD 


- 






- 


- 


- 








C9h 


RCAP2L 





: 




















CAh 


RCAP2H 


























CBh 


TL2 


























CCh 


TH2 


























CDh 


PSW 


























DOh 


WDCON 





SPECIAL 





SPECIAL 





SPECIAL 


SPECIAL 





D8h 


ACC 


























EOh 


EIE 























E8h 


B 


























FOh 


EIP 























F8ti 
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DS87C530 SPECIAL FUNCTION REGISTER LOCATIONS Table 4-9 



REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


PO 


P0.7 


P0.6 


P0.5 


P0.4 


P0.3 


P0.2 


PO.1 


PO.O 


80h 


SP 


















81h 


DPL 


















82h 


DPH 


















83h 


DPL1 


















84h 


DPH1 


















85h 


DPS 























SEL 


86h 


PCON 


SMOD_0 


SMODO 


- 


- 


GF1 


GFO 


STOP 


IDLE 


87h 


TCON 


TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


IEO 


ITO 


88h 


TMOD 


GATE 


cff 


M1 


MO 


GATE 


C/f 


M1 


MO 


89h 


TLO 


















8Ah 


TL1 


















8Bh 


THO 


















8Ch 


TH1 


















8Dh 


CKCON 


WD1 


WDO 


T2M 


T1M 


TOM 


MD2 


MD1 


MDO 


8Eh 


P1 


P1.7 


P1.6 


P1.5 


P1.4 


P1.3 


P1.2 


P1.1 


P1.0 


90h 


EXIF 


IE5 


IE4 


IE3 


IE2 


XT/RG 


RGMD 


RGSL 




91h 


TRIM 


E4K | X12* | TRM2 | TBM2 | TBM1 j TRM1 [ TRMO | TRMO 91 h 


SCONO 


SMO/FEJ 


SM1_0 


SM2_0 


REN_0 


TB8_0 


RB8_0 


Tl_0 


Rl_0 


98h 


SBUFO 


















99h 


P2 


P2.7 


P2.6 


P2.5 


P2.4 


P2.3 


P2.2 


P2.1 


P2.0 


AOh 


IE 


EA 


ES1 


ET2 


ESO 


ET1 


EX1 


ETO 


EXO 


A8h 


SADDRO 


















A9h 


SADDR1 


















AAh 


P3 


P3.7 


P3.6 


P3.5 


P3.4 


P3.3 


P3.2 


P3.1 


P3.0 


BOh 


IP 




PS1 


PT2 


PSO 


PT1 


PX1 


PTO 


PXO 


B8h 


SADENO 


















B9h 


SADEN1 


















BAh 


SCON1 


SMO/FE 1 


SM1_1 


SM2_1 


REN_1 


TB8.1 


RB8_1 


TM 


RM 


COh 


SBUF1 


















C1h 


ROMSIZE 














RMS1 


RMSO 


C2h 


PMR 


CD1 


CDO 


SWB 




XTOFF 


ALEOFF 


DME1 


DMEO 


C4h 


STATUS 


PIP 


HIP 


LIP 


XTUP 


SPTA1 


SPRA1 


SPTAO 


SPRAO 


C7h 


TA 


















C7h 


T2CON 


TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


C/T2 


CP/RL2 


C8h 


T2MOD 








- 


_ 




T20E 


DCEN 


C9h 


RCAP2L 


















CAh 


RCAP2H 


















CBh 


TL2 


















CCh 


TH2 


















CDh 


PSW 


CY 


AC 


FO 


RS1 


RSO 


OV 


FL 


P 


DOh 


WDCON 


SMOD_1 


POR 


EPFI 


PFI 




WTRF 


EWT 


RWT 


D8h 


ACC 


















EOh 


EIE 






ERTCI 


EWDI 


EX5 


EX4 


EX3 


EX2 


E8h 
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REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


B 


















FOh 


RTASS 


















F2h 


RTAS 




















F3h 


RTAM 




















F4h 


RTAH 





















F5h 


EIP 


- 


- 


PRTCI 


PWDI 


PX5 


PX4 


PX3 


PX2 


F8h 


RTCC 


SSCE 


SCE 


MCE 


HCE 


RTCRE 


RTCWE 


RTCIF 


RTCE 


F9h 


RTCSS 


















FAh 


RTCS 




















FBh 


RTCM 




















FCh 


RTCH 


















FDh 


RTCDO 


















FEh 


RTCD1 


















FFh 



Shaded bits are Timed Access protected. 



DS87C530 SPECIAL FUNCTION REGISTER RESET VALUES Table 4-10 



ntulo 1 tn 


HIT 7 
Dl 1 / 


Dl 1 D 


R1T C 


BIT A 
Dl 1 *t 


DIT 1 
Dl 1 o 


BIT 2 


BIT 1 


BITO 


ADDRESS 


SP 

















1 


1 


1 


81h 


DPL 


























82h 


DPH 


























83h 


DPL1 


























84h 


DPH1 


























85h 


DPS 


























86h 


PCON 
























87h 


TCON 


























88h 


TMOD 


























89h 


TLO 























o 


8Ah 


TL1 























THO 


























8Ch 


TH1 


























8Dh 


CKCON 























1 


8Eh 


P1 


1 


1 


1 


1 


1 


1 


1 


1 


90h 


EXIF 














SPECIAL 


SPECIAL 


SPECIAL 





91 h 


TRIM 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


96h 


SCON0 


























98h 


SBUFO 


























99h 


P2 


1 


1 


1 


1 


1 


1 


1 


1 


AOh 


IE 


























A8h 


SADDRO 


























A9h 


SADDR1 


























AAh 


P3 


1 


1 


1 


1 


1 


1 


1 


1 


BOh 


IP 

























B8h 


SADENO 


























B9h 


SADEN1 


























BAh 


SCON 1 


























COh 
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REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


SBUF1 


























C1h 


ROMSIZE 


- 


- 


- 


- 


- 


1 





1 


C2h 


PMR 





1 





- 














C4h 


STATUS 











SPECIAL 














C5h 


TA 


1 


1 


1 


1 


1 


1 


1 


1 


C7h 


T2CON 


























C8h 


T2MOD 


- 


- 


- 


- 


- 


- 








C9h 


RCAP2L 


























CAh 


RCAP2H 


























CBh 


TL2 


























CCh 


TH2 


























CDh 


PSW 


























DOh 


WDCON 





SPECIAL 





SPECIAL 





SPECIAL 


SPECIAL 





D8h 


ACC 


























EOh 


EIE 


- 


- 




















E8h 


B 


























FOh 


RTASS 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


F2h 


RTAS 








SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


F3h 


RTAM 








SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


F4h 


RTAH 











SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


F5h 


EIP 


- 


- 




















F8h 


RTCC 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 








SPECIAL 


SPECIAL 


F9h 


RTCSS 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


FAh 


RTCS 








SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


FBh 


RTCM 








SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


FCh 


RTCH 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


FDh 


RTCDO 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


FEh 


RTCD1 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


SPECIAL 


FFh 
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SPECIAL FUNCTION REGISTERS 

Most of the unique features of the High Speed Micro- 
controller family are controlled by bits in special function 
registers (SFRs) located in unused locations in the 8051 
SFR map. This allows for increased functionality while 
maintaining complete instruction set compatibility. 

Port (P0) 



The description for each bit indicates its read and write 
access, as well as its state after a power on reset. Bits 
which are affected by a no-battery reset are also indi- 
cated. Note that many bits and registers are unique to 
specific devices, and their functions will vary between 
different members of the High Speed Microcontroller 
Family. 



SFR 80h 



P0.7 


P0.6 


P0.5 


P0.4 


P0.3 


P0.2 


P0.1 


PO.O 



RW-1 



RW-1 



RW-1 



RW-1 



RW-1 



RW-1 



RW-1 



RW-1 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

PO.7-0 Port 0. This port functions as a multiplexed address/data bus during 

Bits 7-0 external memory access, and as a general purpose I/O port on devices 

which incorporate internal program memory. During external memory 
cycles, this port will contain the LSB of the address when ALE is high, and 
data when ALE is low. When used as a general purpose I/O, this port is 
open-drain and requires pull-ups. Writing a 1 to any pin of this port will place 
it in a high impedance mode, which is necessary if the pin is to be used as an 
input. Pull-ups are not required when used as a memory interface. The Port 
latch does not exist on devices with no internal program memory, such as 
the DS80C310 and DS80C320. 



Stack Pointer (SP) 



SFR 81 h 



7 


6 


5 


4 


3 


2 


1 





SP.7 


SP.6 


SP.5 


SP.4 


SP.3 


SP.2 


SP.1 


SP.O 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-1 


RW-1 


RW-1 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

SP.7-0 Stack Pointer. The stack pointer identifies the location where the stack will 

Bits 7-0 begin. The stack pointer is incremented before every PUSH operation. This 

register defaults to 07h after reset. 

Data Pointer Low (DPL) 



7 6 5 4 3 2 1 



SFR 82h 



DPL. 7 


DPL. 6 


DPL.5 


DPL.4 


DPL.3 


DPL.2 


DPL.1 


DPL.O 



RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

DPL.7-0 Data Pointer Low 0. This register is the low byte of the standard 80C32 

Bits 7-0 1 6-bit data pointer. DPL and DPH are used to point to non-scratchpad data 

RAM. 
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Data Pointer High (DPH) 



SFR 83h 



7 


6 


5 


4 


3 


2 


1 





DPH.7 


DPH.6 


DPH. 5 


DPH.4 


DPH.3 


DPH. 2 


DPH.1 


DPH.O 



RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 



R=Unrestricted Read, W= Unrestricted Write, -n=Value after Reset 

DPH.7-0 Data Pointer High 0. This register is the high byte of the standard 80C32 

Bits 7-0 1 6-bit data pointer. DPL and DPH are used to point to non-scratchpad data 

RAM. 

Data Pointer Low 1 (DPL1) 



DPL1.7 


DPL1.6 


DPL1.5 


DPL1.4 


DPL1.3 


DPL1.2 


DPL1.1 


DPL1.0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

DPL1 .7-0 Data Pointer Low 1 . This register is the low byte of the auxiliary 1 6-bit data 

Bits 7-0 pointer. When the SEL bit (DPS.O) is set, DPL1 and DPH1 are used in place 

of DPL and DPH during DPTR operations. 

Data Pointer High 1 (DPH1) 



DPH1.7 


DPH1.6 


DPH1.5 


DPH1.4 


DPH1.3 


DPH1.2 


DPH1.1 


DPH1.0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

DPH1 .7-0 Data Pointer High 1 . This register is the high byte of the auxiliary 1 6-bit 

Bits 7-0 data pointer. When the SEL bit (DPS.O) is set, DPL1 and DPH1 are used in 

place of DPL and DPH during DPTR operations. 

Data Pointer Select (DPS) 



7 


6 


5 


4 


3 


2 


1 


























SEL 


R-0 


R-0 


R-0 


R-0 


R-0 


R-0 


R-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 
Bits 7-1 Reserved. These bits will read 0. 

SEL Data Pointer Select. This bit selects the active data pointer. 

Bit Obstructions that use the DPTR will use DPL and DPH. 

1 instructions that use the DPTR will use DPL1 and DPH1 . 
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Power Control (PCON) 



7 


6 


5 


4 


3 


2 


1 





SMOD_0 


SMODO 






GF1 


GFO 


STOP 


IDLE 


RW-0 


RW-0 






RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

Serial Port Baud Rate Doubler Enable. This bit enables/disables the 
serial baud rate doubling function for Serial Port 0. 
0=Serial Port baud rate will be that defined by baud rate generation equation. 
1 =Serial Port baud rate will be double that defined by baud rate generation 
equation. 

SMODO Framing Error Detection Enable. This bit selects function of the SCON0.7 

Bit 6 andSCON1.7bits. 

0=SCON0.7 and SCON1 .7 control the SMO function defined for the SCONO 

and SCON1 registers. 

1=SCON0.7 and SCON 1 .7 are converted to the Framing Error (FE) flag for 
the respective Serial Port. 



Bits 5-4 Reserved. Read data is indeterminate. 

GF1 General Purpose User Flag 1 . This is a bit-addressable, general purpose 

Bit 3 flag for software control. 

GFO General Purpose User Flag 0. This is a bit-addressable, general purpose 

Bit 2 flag for software control. 

STOP Stop Mode Select. Setting this bit will stop program execution, halt the CPU 

Bit 1 oscillator, and internal timers, and place the CPU in a low-power mode. This 
bit will always be read as a 0. 

IDLE Idle Mode Select. Setting this bit will stop program execution but leave the 

Bit CPU oscillator, timers, serial ports, and interrupts active. This bit will always 

be read as a 0. 



SMODJ) 

Bit 7 
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Timer/Counter Control (TCON) 



7 


6 


5 


4 


3 


2 


1 





TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


IEO 


ITO 



RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

TF1 Timer 1 Overflow Flag. This bit indicates when Timer 1 overflows its 

Bit 7 maximum count as defined by the current mode. This bit can be cleared by 

software and is automatically cleared when the CPU vectors to the Timer 1 

interrupt service routine. 

0=No Timer 1 overflow has been detected. 

1=Timer 1 has overflowed its maximum count. 

TR1 Timer 1 Run Control. This bit enables/disables the operation of Timer 1 . 

Bit 6 Halting this timer will preserve the current count in TH1 , TL1 . 

0=Timer 1 is halted. 

1=Timer 1 is enabled. 

TFO Timer Overflow Flag. This bit indicates when Timer overflows its 

Bit 5 maximum count as defined by the current mode. This bit can be cleared by 

software and is automatically cleared when the CPU vectors to the Timer 

interrupt service routine or by software. 

0=No Timer overflow has been detected. 

1 =Timer has overflowed its maximum count. 

TRO Timer Run Control. This bit enables/disables the operation of Timer 0. 

Bit 4 Halting this timer will preserve the current count in THO, TLO. 

0=Timer is halted. 

1=Timer is enabled. 

IE1 Interrupt 1 Edge Detect. This bit is set when an edge/level of the type 

Bit 3 defined by IT1 is detected. If IT1 =1 , this bit will remain set until cleared in 

software or the start of the External Interrupt 1 service routine. If IT1 =0, this 

bit will inversely reflect the state of the INT1 pin. 

IT1 Interrupt 1 Type Select. This bit selects whether the INT1 pin will detect 

Bit 2 edge or level triggered interrupts. 

0=INT1 is level triggered. 

1=INT1 is edge triggered. 

IEO Interrupt Edge Detect. This bit is set when an edge/level of the type 

Bit 1 defined by ITO is detected. If IT0=1, this bit will remain set until cleared in 

software or the start of the External Interrupt service routine. If IT0=0, this 

bit will inversely reflect the state of the INTO pin. 

ITO Interrupt Type Select. This bit selects whether the INTO pin will detect 

Bit edge or level triggered interrupts. 

0=INT0 is level triggered. 

1=INT0 is edge triggered. 



042595 21/149 



HIGH-SPEED MICROCONTROLLER USER'S GUIDE 



Timer Mode Control (TMOD) 



7 


6 


5 


4 


3 


2 


1 





GATE 


C/T 


M1 


MO 


GATE 


C/T 


M1 


MO 



RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

GATE Timer 1 Gate Control. This bit enables/disables the ability of Timer 1 to 

Bit 7 increment. 

0=Timer 1 will clock when TR1=1 , regardless of the state of INT1 . 

1 =Timer 1 will clock only when TR1 =1 and INT1=1 . 

C/T Timer 1 Counter/Timer Select. 

Bit 6 0=Timer is incremented by internal clocks. 

1=Timer is incremented by pulses on T1 when TR1 (TCON.6) is 1. 

M1 , MO Timer 1 Mode Select. These bits select the operating mode of Timer 1 . 

Bits 5-4 



16 bits 



GATE Timer Gate Control. This bit enables/disables the ability of Timer to 

Bit 3 increment. 

0=Timer will clock when TR0=1 , regardless of the state of INTO. 

1 =Timer will clock only when TR0=1 and INT0=1 . 

C/T Timer Counter/Timer Select. 

Bit 2 0=Timer is incremented by internal clocks. 

1=Timer is incremented by pulses on TO when TRO (TCON.4) is 1 . 

M1, MO Timer Mode Select. These bits select the operating mode of Timer 0. 

Bits 1 -0 When timer is in mode 3, TLO is started/stopped by TRO and THO is started/ 

stopped by TR1. Run control fortimerl is then provided via the timer 1 mode 

selection. 



M1 


MO 


Mode 








Mode 





1 


Mode 1 


1 





Mode 2 


1 


1 


Mode 3 



M1 


MO 


Mode 








Mode 0: 8 bits with 5-bit prescale 





1 


Mode 1: 16 bits 


1 





Mode 2: 8 bits with auto-reload 


1 


1 


Mode 3: Timer is two 8 bit counters 
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Timer LSB (TLO) 



SFR 8Ah 



TLO.7-0 

Bits 7-0 



7 


6 


5 


4 


3 


2 


1 





TL0.7 


TL0.6 


TL0.5 


TL0.4 


TL0.3 


TL0.2 


TL0.1 


TLO.O 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

Timer LSB. This register contains the least significant byte of Timer 0. 



Timer 1 LSB (TL1) 



SFR 8Bh 


TL1.7 


TL1.6 


TL1.5 


TL14 


TL1.3 


TL1.2 


TL1.1 


TL.1.0 




RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



TL1.7-0 

Bits 7-0 

Timer MSB (THO) 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

Timer 1 LSB. This register contains the least significant byte of Timer 1 . 



SFR 8Ch 



THO.7-0 

Bits 7-0 



7 


6 


5 


4 


3 


2 


1 





TH0.7 


TH0.6 


TH0.5 


TH04 


TH0.3 


TH0.2 


TH0.1 


THO.O 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

Timer MSB. This register contains the most significant byte of Timer 0. 



Timerl MSB (TH1) 



SFR 8Dh 



TH1.7-0 

Bits 7-0 



7 


6 


5 


4 


3 


2 


1 





TH1.7 


TH1.6 


TH1.5 


TH14 


TH1.3 


TH1.2 


TH1.1 


TH1.0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

Timer 1 MSB. This register contains the most significant byte of Timer 1 . 
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Clock Control (CKCON) 



7 


6 


5 


4 


3 


2 


1 





WD1 


WDO 


T2M 


T1M 


TOM 


MD2 


MD1 


MDO 



RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-1 



R=L)nrestricted Read, W= Unrestricted Write, -n=Value after Reset 

WD1, WDO Watchdog Timer Mode Select 1-0. These bits determine the watchdog 

Bits 7-6 timer time-out period. The timer divides the crystal frequency by a program- 

mable value as shown below. The divider value is expressed in clock (crys- 
tal) cycles. The use of PMM1 or PMM2 will further divide the clock cycle 
count by either 16 or 256, respectively. Note that the reset time-out is 512 
clocks longer than the interrupt, regardless of whether the interrupt is 



enabled. 








WD1 


WDO 


Interrupt Divider 


Reset Divider 








2 17 


2 17 + 512 





1 


220 


2 2 ° + 512 


1 





223 


2 23 + 512 


1 


1 


2 26 


2 26 + 512 



T2M Timer 2 Clock Select. This bit controls the division of the system clock that 

Bit 5 drives Timer 2. This bit has no effect when the timer is in baud rate generator 

or clock output modes. Clearing this bit to maintains 80C32 compatibility. 

This bit has no effect on instruction cycle timing. 

0=Timer 2 uses a divide by 12 of the crystal frequency. 

1=Timer 2 uses a divide by 4 of the crystal frequency. 

T1 M Timer 1 Clock Select. This bit controls the division of the system clock that 

Bit 4 drives Timer 1 . Clearing this bit to maintains 80C32 compatibility. This bit 

has no effect on instruction cycle timing. 

0=Timer 1 uses a divide by 12 of the crystal frequency. 

1=Timer 1 uses a divide by 4 of the crystal frequency. 

TOM Timer Clock Select. This bit controls the division of the system clock that 

Bit 3 drives Timer 0. Clearing this bit to maintains 80C32 compatibility. This bit 

has no effect on instruction cycle timing. 

0=Timer uses a divide by 12 of the crystal frequency. 

1=Timer uses a divide by 4 of the crystal frequency. 

MD2, MD1 , MDO Stretch MOVX Select 2-0. These bits select the time by which external 

Bits 2-0 MOVX cycles are to be stretched. This allows slower memory or peripherals 

to be accessed without using ports or manual software intervention. The RD 
or WR strobe will be stretched by the specified interval, which will be trans- 
parent to the software except for the increased time to execute the MOVX 
instruction. All internal MOVX instructions on devices containing MOVX 
SRAM are performed at the 2 machine cycle rate. 
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MD2 


MD1 


MDO 


Stretch Value 


MOVX Duration 








o 





2 Machine Cycles 





o 


1 


1 


3 Machine Cycles (reset default) 





1 





2 


4 Machine Cycles 





1 


1 


3 


5 Machine Cycles 


1 








4 


6 Machine Cycles 


1 





1 


5 


7 Machine Cycles 


1 


1 





6 


8 Machine Cycles 


1 


1 


1 


7 


9 Machine Cycles 



Portl (P1) 





7 


6 


5 


4 


3 


2 


1 





SFR 90h 


P1.7 


P1.6 


P1.5 


P1.4 


P1.3 


P1.2 


P1.1 


P1.0 




INT5 


INT4 


INT3 


INT2 


TXD1 


RXD1 


T2EX 


T2 




RW-1 


RW-1 


RW-1 


RW-1 


RW-1 


RW-1 


RW-1 


RW-1 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

General Purpose I/O Port 1. This register functions as a general purpose 
I/O port. In addition, all the pins have an alternative function listed below. 
P1 .2-7 contain functions that are new to the 80C32 architecture. The timer 2 
functions on pins P1.1-0 are available on the 80C32, but not the 80C31. 
Each of the functions is controlled by several other SFRs. The associated 
Port 1 latch bit must contain a logic one before the pin can be used in its alter- 
nate function capacity. 



INT5 External Interrupt 5. A falling edge on this pin will cause an 

Bit 7 external interrupt 5 if enabled. 

INT4 External Interrupt 4. A rising edge on this pin will cause an 

Bit 6 external interrupt 4 if enabled. 

INT3 External Interrupt 3. A falling edge on this pin will cause an 

Bit 5 external interrupt 3 if enabled. 

INT2 External Interrupt 2. A rising edge on this pin will cause an 

Bit 4 external interrupt 2 if enabled. 

TXD1 Serial Port 1 Transmit. This pin transmits the serial port 1 data in serial port 

Bit 3 modes 1 ,2,3 and emits the synchronizing clock in serial port mode 0. 

RXD1 Serial Port 1 Receive. This pin receives the serial port 1 data in serial port 

Bit 2 modes 1 ,2,3 and is a bi-directional data transfer pin in serial port mode 0. 

T2EX Timer 2 Capture/Reload Trigger. A 1 to transition on this pin will cause 

Bit 1 the value in the T2 registers to be transferred into the capture registers if 

enabled by EXEN2 (T2CON.3). When in auto-reload mode, a 1 to transi- 
tion on this pin will reload the timer 2 registers with the value in RCAP2L and 
RCAP2H if enabled by EXEN2 (T2CON.3). 

T2 Timer 2 External Input. A 1 to transition on this pin will cause timer 2 to 

Bit increment or decrement depending on the timer configuration. 



P1.7-0 

Bits 7-0 
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External Interrupt Flag (EXIF) 

7 6 

SFR91h 



IE5 



RW-0 



IE4 



IE3 



IE2 



XT/RG 



RGMD 



RGSL 



BGS 



RW-0 



RW-0 



RW-0 



RW-* 



R-* 



RW-* 



RT-0 



R=Unrestricted Read, W=Unrestricted Write, T=Timed Access Write Only, -n=Value after Reset, 

*=See description 

IE5 External Interrupt 5 Flag. This bit will be set when a falling edge is detected 

Bit 7 on INT5. This bit must be cleared manually by software. Setting this bit in 

software will cause an interrupt if enabled. 

IE4 External Interrupt 4 Flag. This bit will be set when a rising edge is detected 

Bit 6 on INT4. This bit must be cleared manually by software. Setting this bit in 

software will cause an interrupt if enabled. 

IE3 External Interrupt 3 Flag. This bit will be set when a falling edge is detected 

Bit 5 on INT3. This bit must be cleared manually by software. Setting this bit in 

software will cause an interrupt if enabled. 

IE2 External Interrupt 2 Flag. This bit will be set when a rising edge is detected 

Bit 4 on INT2. This bit must be cleared manually by software. Setting this bit in 

software will cause an interrupt if enabled. 

XT/RG Crystal/Ring Source Select. This bit selects the crystal oscillator or ring 

Bit 3 oscillator as the desired clock source. This bit will be the inverse of RGMD 

except during the crystal warm-up period when executing a ring oscillator 
resume from Stop. XTUP (STATUS.4) must be set to 1 and XTOFF (PMR.3) 
must be cleared to before this bit can be set. Attempts to modify this bit 
when these conditions are not met will be ignored. This bit must be cleared 
before XTOFF can be set to 1 . This bit is set to 1 after a power-on reset, and 
unchanged by all other forms of reset. This bit is not used on the DS80C31 
or DS80C320 and will be 1 when read. 

0=The ring oscillator is selected as the clock source. This setting is unaf- 
fected by XTUP (STATUS.4) and XTOFF (PMR.3). 
1 =The crystal oscillator is selected as the clock source. This setting is invalid 
unless XTUP=1 and XTOFF=0. 

RGMD Ring Mode Status. This bit indicates the current clock source for the device. 

Bit 2 This bit is cleared to after a power-on reset, and unchanged by all other 

forms of reset. The state of this bit will be undefined on devices which do not 

incorporate a ring oscillator. 

0=Device is operating from the external crystal or oscillator. 
1=Device is operating from the ring oscillator. 

RGSL Ring Oscillator Select. This bit selects the clock source following a resume 

Bit 1 from Stop mode. Using the ring oscillator to resume from Stop mode allows 

almost instantaneous start-up. This bit is cleared to after a power-on 
reset, and unchanged by all other forms of reset. The state of this bit will be 
undefined on devices which do not incorporate a ring oscillator. 
0=The device will hold operation until the crystal oscillator has warmed-up. 
1 =The device will begin operating from the ring oscillator, and when the crys- 
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BGS 

BitO 



tal warm-up is complete, will switch to the clock source indicated by the XT/ 
RG bit. 

Band-gap Select. This bit enables/disables the band-gap reference 
during Stop mode. Disabling the band-gap reference provides significant 
power savings in Stop mode, but sacrifices the ability to perform a power fail 
interrupt or power-fail reset while stopped. This bit can only be modified with 
a Timed Access procedure. The state of this bit will be undefined on devices 
which do not incorporate a band-gap reference. 
0=The band-gap reference is disabled in Stop mode but will function during 
normal operation. 

1 =The band-gap reference will operate in Stop mode. 



RTC Trim Register (TRIM) 



SFR 96h 



RT-' 



RT- 



RT-* 



RT- 



RT-* 



RT-* 



RT-* 



E4K 


X12/6 


TRM2 


TRM2 


TRM1 


TRM1 


TRMO 


TRMO 



RT-* 



R=Unrestricted Read, W= Unrestricted Write, -n=Value after Reset, *=See description 

E4K External 4096 Hz RTC Signal Enable. This bit enables the output of a 4096 

Bit 7 Hz signal on pin P1 .7 derived from the RTC. Setting this bit overrides any 

other function of the pin. It is used for adjusting the frequency of the 32.768 
RTC crystal oscillator using the trim bits. This bit is cleared to after any 
reset, including a no- battery reset. 

0=Calibration function disabled. P1 .7 pin will function per the normal pin 
description. 

1=4096 Hz signal output on P1 .7 

X12/6 RTC Crystal Capacitance Select. This bit selects the internal loading 

Bit 6 capacitance of the RTC crystal amplifier. This bit is set to 1 after a no-battery 

reset, and unchanged by all other forms of reset. 

0=RTC loading is set for 6 pF crystal. 

1=RTC loading is set for 12.5 pF crystal. 

TRM2 RTC Trim Bit 2. This bit controls the relative adjustment of the RTC internal 

Bit 5 capacitance. It is used to calibrate the RTC oscillator frequency. This bit is 

set to 1 after a no-battery reset, and unchanged by all other forms of reset. 

TRM2 RTC Inverted Trim Bit 2. This bit must always be set to the complement of 

Bit 4 theTRM2bit. Incorrectly writing this bit will default bits TRIM.7,TRIM.5-0to 

their no-battery reset value. This bit is cleared to after a no-battery reset, 

and unchanged by all other forms of reset. 

TRM1 RTC Trim Bit 1 . This bit controls the relative adjustment of the RTC internal 

Bit 3 capacitance. It is used to calibrate the RTC oscillator frequency. This bit is 

set to after a no- battery reset, and unchanged by all other forms of reset. 

TRM1 RTC Inverted Trim Bit 1 . This bit must always be set to the complement of 

Bit 2 the TRM1 bit. Incorrectly writing this bit will default bits TRIM.7, TRIM.5-0 to 

their no-battery reset value. This bit is cleared to 1 after a no-battery reset, 

and unchanged by all other forms of reset. 



042595 27/149 



28 



HIGH-SPEED MICROCONTROLLER USER'S GUIDE 



TRMO 

Bit 1 



TRMO 

BitO 



RTC Trim Bit 0. This bit controls the relative adjustment of the RTC internal 
capacitance. It is used to calibrate the RTC oscillator frequency. This bit is 
set to after a no-battery reset, and unchanged by all other forms of reset. 

RTC Inverted Trim Bit 0. This bit must always be set to the complement of 
the TRMO bit. Incorrectly writing this bit will default bits TRIM.7, TRIM.5-0 to 
their no-battery reset value. This bit is cleared to 1 after a no-battery reset, 
and unchanged by all other forms of reset. 



Serial Port Control (SCON0) 



7 


6 


5 


4 


3 


2 


1 





SMO/FEJ) 


SM1_0 


SM2_0 


RENO 


TB80 


RB80 


Tl_0 


RLO 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



SMO-2 

Bits 7-5 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

Serial Port Mode. These bits control the mode of serial port 0. In addition, 
the SMO and SM2_0 bits have secondary functions as shown below. 



SMO 


SM1 


SM2 


MODE 


FUNCTION 


LENGTH 


PERIOD 














Synchronous 


8 bits 


12t CLK 








1 





Synchronous 


8 bits 


4t C LK 





1 


X 


1 


Asynchronous 


10 bits 


Timer 1 or 2 baud rate equation 


1 








2 


Asynchronous 


11 bits 


64 t C LK (SMOD=0) 
32t CL K (SMOD=1) 


1 





1 


2 


Asynchronous w/ Multipro- 
cessor communication 


11 bits 


64 t C LK (SMOD=0) 
32t CL K (SMOD=1) 


1 


1 





3 


Asynchronous 


11 bits 


Timer 1 or 2 baud rate equation 


1 


1 


1 


3 


Asynchronous w/ Multipro- 
cessor communication 


11 bits 


Timer 1 or 2 baud rate equation 



SMO/FEJ) 

Bit 7 



SM1_0 

Bit 6 

SM2_0 

Bit 5 



Framing Error Flag. When SMODO (PCON.6)=0, this bit (SMO) is used to 
select the mode for serial port 0. When SMODO (PCON.6)=1 , this bit (FE) 
will be set upon detection of an invalid stop bit. When used as FE, this bit 
must be cleared in software. Once the SMODO bit is set, modifications to this 
bit will not affect the serial port mode settings. Although accessed from the 
same register, internally the data for bits SMO and FE are stored in different 
locations. 

No alternate function. 



Multiple CPU Communications. The function of this bit is dependent on 
the serial port mode. 

Mode 0: Selects 12 t C LK or 4 t C LK period for synchronous serial port data 
transfers. 

Mode 1 : When set, reception is ignored (Rl_0 is not set) if invalid stop bit 
received. 

Mode 2/3: When this bit is set, multiprocessor communications are enabled 
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in modes 2 and 3. This will prevent the Rl_0 bit from being set, and an inter- 
rupt being asserted, if the 9th bit received is not 1 . 

REN_0 Receive Enable. This bit enables/disables the serial port receiver shift 

Bit 4 register. 

0=Serial port reception disabled. 

1 =Serial port receiver enabled (modes 1,2,3). Initiate synchronous recep- 
tion (mode 0). 

TB8_0 9th Transmission Bit State. This bit defines the state of the 9th 

Bit 3 transmission bit in serial port modes 2 and 3. 

RB8_0 9th Received Bit State. This bit identifies the state of the 9th reception bit of 

Bit 2 received data in serial port modes 2 and 3. In serial port mode 1 , when 

SM2_0=0, RB8_0 is the state of the stop bit. RB8_0 is not used in mode 0. 

Tl_0 Transmitter Interrupt Flag. This bit indicates that data in the serial port 

Bit 1 buffer has been completely shifted out. In serial port mode 0, Tl_0 is set at 

the end of the 8th data bit. In all other modes, this bit is set at the end of the 
last data bit. This bit must be manually cleared by software. 

Rl_0 Receiver Interrupt Flag. This bit indicates that a byte of data has been 

Bit received in the serial port buffer. In serial port mode 0, Rl_0 is set at the end 

of the 8th bit. In serial port mode 1 , Rl_0 is set after the last sample of the 
incoming stop bit subject to the state of SM2_0. In modes 2 and 3, Rl_0 is set 
after the last sample of RB8_0. This bit must be manually cleared by soft- 
ware. 



Serial Data Buffer (SBUFO) 



7 


6 


5 


4 


3 


2 


1 





SBUF0.7 


SBUF0.6 


SBUF0.5 


SBUF0.4 


SBUF0.3 


SBUF0.2 


SBUF0.1 


SBUFO.O 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

SBUFO.7-0 Serial Data Buffer 0. Data for serial port is read from or written to this 

Bits 7-0 location. The serial transmit and receive buffers are separate registers, but 

both are addressed at this location. 
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Port 2 (P2) 



SFR AOh 



7 


6 


5 


4 


3 


2 


1 





P2.7 


P2.6 


P2.5 


P2.4 


P2.3 


P2.2 


P2.1 


P2.0 


RW-1 


RW-1 


RW-1 


RW-1 


RW-1 


RW-1 


RW-1 


RW-1 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

P2.7-0 Port 2. This port functions as an address bus during external memory 

Bits 7-0 access, and as a general purpose I/O port on devices which incorporate 

internal program memory. During external memory cycles, this port will con- 
tain the MSB of the address. The Port 2 latch does not control general pur- 
pose I/O pins on the DS80C31 and DS80C320, but is still used to hold the 
address MSB during register-indirect data memory operations such as 
MOVX A, @R1. 



Interrupt Enable (IE) 



7 


6 


5 


4 


3 


2 


1 





EA 


ES1 


ET2 


ESO 


ET1 


EX1 


ETO 


EXO 



RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

EA Global Interrupt Enable. This bit controls the global masking of all 

Bit 7 interrupts except Power-Fail Interrupt, which is enabled by the EPFI bit 

(WDCON.5). 

0=Disable all interrupt sources. This bit overrides individual interrupt mask 
settings. 

1=Enable all individual interrupt masks. Individual interrupts will occur if 
enabled. 

ES1 Enable Serial Port 1 Interrupt. This bit controls the masking of the serial 

Bit 6 port 1 interrupt. 

0=Disable all serial port 1 interrupts. 

1=Enable interrupt requests generated by the Rl_1 (SCON1.0) or Tl_1 
(SCON 1.1) flags. 

ET2 Enable Timer 2 Interrupt. This bit controls the masking of the Timer 2 

Bit 5 interrupt. 

0=Disable all Timer 2 interrupts. 

1=Enable interrupt requests generated by the TF2 flag (T2CON.7). 

ESO Enable Serial port Interrupt. This bit controls the masking of the serial 

Bit 4 port interrupt. 

0=Disable all serial port interrupts. 

1=Enable interrupt requests generated by the Rl_0 (SCON0.0) or Tl_0 
(SCON0.1) flags. 
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ET1 

Bit 3 



EX1 

Bit 2 



ETO 

Bit 1 



EXO 

BitO 



Enable Timer 1 Interrupt. This bit controls the masking of the Timer 1 
interrupt. 

0=Disable all Timer 1 interrupts. 

1=Enable interrupt requests generated by the TF1 flag (TCON.7). 

Enable External Interrupt 1. This bit controls the masking of external 
interrupt 1 . 

0=Disable external interrupt 1 . 

1=Enable interrupt requests generated by the INT1 pin. 

Enable Timer Interrupt. This bit controls the masking of the Timer 
interrupt. 

0=Disable all Timer interrupts. 

1=Enable interrupt requests generated by the TFO flag (TCON.5). 

Enable External Interrupt 0. This bit controls the masking of external 
interrupt 0. 

0=Disable external interrupt 0. 

1=Enable interrupt requests generated by the INTO pin. 



Slave Address Register (SADDRO) 



7 


6 


5 


4 


3 


2 


1 





SADDR0.7 


SADDR0.6 


SADDR0.5 


SADDR0.4 


SADDR0.3 


SADDR0.2 


SADDRO. 1 


SADDRO.O 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W= Unrestricted Write, -n=Value after Reset 

SADDRO.7-0 Slave Address Register 0. This register is programmed with the given or 

Bits 7-0 broadcast address assigned to serial port 0. 

Slave Address Register 1 (SADDR1) 



7 


6 


5 


4 


3 


2 


1 





SADDR1.7 


SADDR1.6 


SADDR1.5 


SADDR1.4 


SADDR1.3 


SADDR1.2 


SADDR1.1 


SADDR1.0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

SAODR1 .7-0 Slave Address Register 1 . This register is programmed with the given or 

Bits 7-0 broadcast address assigned to serial port 1 . 
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Port 3 (P3) 





7 


6 


5 


4 


3 


2 


1 





SFR BOh 


P3.7 


P3.6 


P3.5 


P3.4 


P3.3 


P3.2 


P3.1 


P3.0 




RD 


WR 


T1 


TO 


INT1 


INTO 


TXDO 


RXDO 




RW-1 


RW-1 


RW-1 


RW-1 


RW-1 


RW-1 


RW-1 


RW-1 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 



P3.7-0 General Purpose I/O Port 3. This register functions as a general purpose 

Bits 7-0 I/O port. In addition, all the pins have an alternative function listed below. 

Each of the functions is controlled by several other SFRs. The associated 
Port 1 latch bit must contain a logic one before the pin can be used in its alter- 
nate function capacity. 

RD External Data Memory Read Strobe. This pin provides an active low read 

Bit 7 strobe to an external memory device. 

WR External Data Memory Write Strobe. This pin provides an active low write 

Bit 6 strobe to an external memory device. 

T1 Timer/Counter 1 External Input. A 1 to transition on this pin will increment 

Bit 5 timer 1. 

TO Timer/Counter External Input. A 1 to transition on this pin will increment 

Bit 4 timer 0. 

INT1 External Interrupt 1 . A falling edge/ low level on this pin will cause an 

Bit 3 external interrupt 1 if enabled. 

INTO External Interrupt 0. A falling edge/ low level on this pin will cause an 

Bit 2 external interrupt if enabled. 

TXDO Serial Port Transmit. This pin transmits the serial port data in serial port 

Bit 1 modes 1 ,2,3 and emits the synchronizing clock in serial port mode 0. 

RXDO Serial Port Receive. This pin receives the serial port data in serial port 

Bit modes 1 ,2,3 and is a bi-directional data transfer pin in serial port mode 0. 



Interrupt Priority (IP) 



SFR B8h 





PS1 


PT2 


PS0 


PT1 


PX1 


PT0 


PX0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 
Bit 7 Reserved. Read data is indeterminate. 

PS1 Serial Port 1 Interrupt. This bit controls the priority of the serial port 1 

Bit 6 interrupt. 

0=Serial port 1 priority is determined by the natural priority order. 

1=Serial port 1 is a high priority interrupt. 
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PT2 Timer 2 Interrupt. This bit controls the priority of the Timer 2 interrupt. 

Bit 5 0=Timer 2 priority is determined by the natural priority order. 

1=Timer 2 is a high priority interrupt. 

PSO Serial port Interrupt. This bit controls the priority of the serial port 

Bit 4 interrupt. 

0=Serial port priority is determined by the natural priority order. 

1=Serial port is a high priority interrupt. 

PT1 Timer 1 Interrupt. This bit controls the priority of the Timer 1 interrupt. 

Bit 3 0=Timer 1 priority is determined by the natural priority order. 

1=Timer 1 is a high priority interrupt. 

PX1 External Interrupt 1 . This bit controls the priority of external interrupt 1 . 

Bit 2 0=External interrupt 1 priority is determined by the natural priority order. 

1=External interrupt 1 is a high priority interrupt. 

PTO Timer Interrupt. This bit controls the priority of the Timer interrupt. 

Bit 1 0=Timer priority is determined by the natural priority order. 

1=Timer is a high priority interrupt. 

PXO External Interrupt 0. This bit controls the priority of external interrupt 0. 

Bit 0=External interrupt priority is determined by the natural priority order. 

1=External interrupt is a high priority interrupt. 



Slave Address Mask Enable Register (SADENO) 



SADEN0.7 


SADEN0.6 


SADEN0.5 


SADEN0.4 


SADEN0.3 


SADEN0.2 


SADENO. 1 


SADEN0.O 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

SADENO.7-0 Slave Address Mask Enable Register 0. This register functions as a mask 

Bits 7-0 when comparing serial port addresses for automatic address recognition. 

When a bit in this register is set, the corresponding bit location in the 
SADDRO register will be exactly compared with the incoming serial port 
data to determine if a receiver interrupt should be generated. When a bit in 
this register is cleared, the corresponding bit in the SADDRO register 
becomes a don't care and is not compared against the incoming data. All 
incoming data will generate a receiver interrupt when this register is cleared. 

Slave Address Mask Enable Register 1 (SADEN1) 



7 


6 


5 


4 


3 


2 


1 





SADEN1.7 


SADEN1.6 


SADEN1.5 


SADEN1.4 


SADEN1.3 


SADEN1.2 


SADEN1.1 


SADEN1.0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

SADEN1 .7-0 Slave Address Mask Enable Register 1 . This register functions as a mask 

Bits 7-0 when comparing serial port 1 addresses for automatic address recognition. 
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When a bit in this register is set, the corresponding bit location in the 
SADDR1 register will be exactly compared with the incoming serial port 1 
data to determine if a receiver interrupt should be generated. When a bit in 
this register is cleared, the corresponding bit in the SADDR1 register 
becomes a don't care and is not compared against the incoming data. All 
incoming data will generate a receiver interrupt when this register is cleared. 

Serial Port 1 Control (SCON1) 



SM0/FE_1 


SM1_1 


SM2_1 


REN_1 


TB8_1 


RB8_1 


TM 


Rl_1 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



SMO-2, 

Bits 7-5 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

Serial Port 1 Mode. These bits control the mode of serial port 1 as shown 
below. In addition, the SMO and SM2 bits have secondary functions as 
shown below. 



SMO 


SM1 


SM2 


MODE 


FUNCTION 


LENGTH 


PERIOD 














Synchronous 


8 bits 


12t CL K 








1 





Synchronous 


8 bits 


4t C LK 





1 


X 


1 


Asynchronous 


10 bits 


Timer 1 baud rate equation 


1 








2 


Asynchronous 


11 bits 


64 trjLK (SMOD=0) 
32t CL K (SMOD=1) 


1 





1 


2 


Asynchronous w/ Multipro- 
cessor communication 


11 bits 


64 t CLK (SMOD=0) 
32t CLK (SMOD=1) 


1 


1 





3 


Asynchronous 


11 bits 


Timer 1 baud rate equation 


1 


1 


1 


3 


Asynchronous w/ Multipro- 
cessor communication 


11 bits 


Timer 1 baud rate equation 



SM0/FE_1 

Bit 7 



SM1^1 

Bit 6 

SM2_1 

Bit 5 



Framing Error Flag. When SMOD0 (PCON.6)=0, this bit (SMO) is used to 
select the mode for serial port 1 . When SMOD0 (PCON.6)=1 , this bit (FE) 
will be set upon detection of an invalid stop bit. When used as FE, this bit 
must be cleared in software. Once the SMOD0 bit is set, modifications to this 
bit will not affect the serial port mode settings. Although accessed from the 
same register, internally the data for bits SMO and FE are stored in different 
locations. 

No alternate function. 



Multiple CPU Communications. The function of this bit is dependent on 
the serial port 1 mode. 

Mode 0: Selects 1 2 tcLK or 4 { clk period for synchronous serial port 1 data 
transfers. 

Mode 1 : When this bit is set, reception is ignored (Rl_1 is not set) if invalid 
stop bit received. 

Mode 2/3: When this bit is set, multiprocessor communications are enabled 



35 



042595 34/149 



HIGH-SPEED MICROCONTROLLER USER'S GUIDE 



in modes 2 and 3. This will prevent the RM bit from being set, and an inter- 
rupt being asserted, if the 9th bit received is not 1 . 

REN_1 Receive Enable. This bit enables/disables the serial port 1 receiver shift 

Bit 4 register. 

0=Serial port 1 reception disabled. 

1 =Serial port 1 receiver enabled (modes 1,2,3). Initiate synchronous recep- 
tion (mode 0). 

TB8_1 9th Transmission Bit State. This bit defines the state of the 9th 

Bit 3 transmission bit in serial port 1 modes 2 and 3. 

RB8_1 9th Received Bit State. This bit identifies the state of the 9th reception bit of 

Bit 2 received data in serial port 1 modes 2 and 3. In serial port mode 1 , when 

SM2_1=0, RB8_1 is the state of the stop bit. RB8_1 is not used in mode 0. 

Tl_1 Transmitter Interrupt Flag. This bit indicates that data in the serial port 1 

Bit 1 buffer has been completely shifted out. In serial port mode 0, Tl_1 is set at 

the end of the 8th data bit. In all other modes, this bit is set at the end of the 
last data bit. This bit must be manually cleared by software. 

RI1 Receiver Interrupt Flag. This bit indicates that a byte of data has been 

BitO received in the serial port 1 buffer. In serial port model, Rl_1 issetattheend 

of the 8th bit. In serial port mode 1 , Rl_1 is set after the last sample of the 
incoming stop bit subject to the state of SM2_1 . In modes 2 and 3, Rl_1 is set 
after the last sample of RB8_1 . This bit must be manually cleared by soft- 
ware. 



Serial Data Buffer 1 (SBUF1) 



7 


6 


5 


4 


3 


2 


1 





SBUF1.7 


SBUF1.6 


SBUF1.5 


SBUF1.4 


SBUF1.3 


SBUF1.2 


SBUF1.1 


SBUF1.0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

SBUF1 .7-0 Serial Data Buffer 1 . Data for serial port 1 is read from or written to this 

Bits 7-0 location. The serial transmit and receive buffers are separate registers, but 

both are addressed at this location. 

ROM Size Select (ROMSIZE) 



7 6 5 4 3 2 1 



SFR C2h 













RS2 


RS1 


RS0 












RT-1 


RT-0 


RT-1 



R=Unrestricted Read, T=Timed Access Write Only, -n=Value after Reset 

Bits 7-3 These bits are reserved. Read data is indeterminate. 

ROMSIZE.2-0 ROM Size Select 2-0. This register is used to select the maximum on-chip 

Bits 2-0 decoded address for ROM. Care must be taken that the memory location of 

the current program counter will be valid both before and after modification. 
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These bits can only be modified using a timed access procedure. The EA pin 
will override the function of these bits when asserted, forcing the device to 
access external program memory only. Configuring this register to a setting 
that exceeds the maximum amount of internal memory may corrupt device 
operation. These bits will default on reset to the maximum amount of internal 
program memory (i.e. 16K for DS87C520). 



QCO 
hv>£ 


no I 


pen 


IVIMAIIVIUIVI un — unir num HUUnCOO 


U 


A 
U 


U 


ur\D/ uibdtjie on— cnip nwivi 








1 


1 KB/03FFh 





1 





2KB/07FFh 





1 


1 


4KB/0FFFh 


1 








8KB/1 FFFh 


1 





1 


16KB/3FFFh 


1 


1 





32KB/7FFFh 


1 


1 


1 


64KB/FFFFh 



Power Management Register (PMR) 



7 6 5 4 3 2 1 



CD1 


CDO 


SWB 




XTOFF 


ALEOFF 


DME1 


DMEO 


RW-0 


RW-1 


RW-0 




RW*-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset, *=See description 

Clock Divide Control 1-0. These bits select the number of crystal oscillator 
clocks required to generate one machine cycle. Switching between modes 
requires a transition through the divide by 4 mode (CD1 , CD0=01 ). For 
example, to go from 64 to 1 024 clocks per cycle the device must first go from 
64 to 4 clocks per cycle, and then from 4 to 1 024 clocks per cycle. Attempts 
to perform an invalid transition will be ignored. The setting of these bits will 
effect the timers and serial ports as shown below. 







osc 

CYCLES 
PER MACH. 
CYCLE 


OSC CYCLES 
PER TIMER 
0/1/2 CLOCK 


OSC CYCLES 
PER TIMER 2 
CLK, BAUD 
RATE GEN. 


OSC CYCLES 
PER SERIAL 
PORT CLK, 
MODE0 


OSC CYCLES PER 
SERIAL PORT 
CLK, MODE 2 


CD1 


CDO 


I TxM=0 


TxM=1 


T2M=0 


T2M=1 


SM2=0 


SM2=1 


SDMO=0 


SMOD=1 








RESERVED 





1 


4 


12 


4 


2 


2 


12 


4 


64 


32 


1 





64 


192 


64 


32 


32 


192 


64 


1024 


512 


1 


1 


1024 


3072 


1024 


512 


512 


3072 


1024 


16384 


8192 



SWB Switchback Enable. This bit allows an enabled external interrupt or serial 

Bit 5 port activity to force the Clock Divide Control bits to the divide by 4 state (01). 

Upon internal acknowledgment of an external interrupt, the device will 



CD1, CDO 

Bits 7-6 
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Bit 4 

XTOFF 

Bit 3 



ALEOFF 

Bit 2 



DME1, DMEO 

Bits 1-0 



switch modes at the start of the jump to the interrupt service routine. Note 
that this means that an external interrupt must actually be recognized (i.e. be 
enabled and not masked by higher priority interrupts) for the switchback to 
occur. For serial port reception, the switch occurs at the start of the instruc- 
tion following the falling edge of the start bit. 

Reserved. When modifying the PMR register, software must write a to this 
bit. Read data will be indeterminate. 

Crystal Oscillator Disable. This bit disables the CPU crystal oscillator. It 
can only be set to 1 while running from the ring oscillator (XT/RG=0). Clear- 
ing this bit restarts the crystal amplifier, resets the crystal warm-up counter, 
and after 65,536 external crystal cycles the XTUP bit will be set. 
0=Crystal oscillator is enabled 
1=Crystal oscillator is disabled 

ALE Disable. This bit disables the expression of the ALE signal on the 
device pin during all on-board program and data memory accesses. Exter- 
nal memory accesses will automatically enable ALE independent of ALE- 
OFF. 

0=ALE expression is enabled 
1=ALE expression is disabled 

Data Memory Enable 1-0. These bits determine the functional relationship 
of the first 1024 bytes of data memory. Three memory configurations are 
supported to allow either external data memory access through the 
expanded multiplexed address/data bus of Ports and Port 2, internal 
SRAM data memory access, or read-only access to EPROM programming 
information. Note these bits are cleared after a reset, so access to the inter- 
nal SRAM is prohibited until these bits are modified. 



DME1 


DMEO 


DATA MEMORY 
ADDRESS RANGE 


MEMORY ACCESS 








OOOOh - FFFFh 


External Data Memory (default) 





1 


OOOOh - 03FFh 
0400h - FFFFh 


Internal SRAM Data Memory 
External Data Memory 


1 





Reserved 


Reserved 


1 


1 


OOOOh - 03FFh 
0400h - FFFBh 

FFFCh 
FFFDh - FFFFh 


Internal SRAM Data Memory 
Reserved 

System Control Byte (EPROM Read Only) 
Reserved 



The System Control Byte is a special EPROM location that contains nonvol- 
atile system information. This byte is set during EPROM programming and is 
not alterable by software. This register can only be read when both Data 
Memory Enable bits are set. The user must be sure that this location is pro- 
grammed by the use of a special programming utility supplied with the pro- 
gramming device. 
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System Control Byte Description (EPROM; FFFCh) 

Bits 7-3 Reserved. These bits will read 1 . These bits should be set to 1 during 

EPROM programming. 

LB3, LB2, LB1 EPROM Program Lock Bit 3-1 . These bits show the status of the firmware 

Bits 2-0 security of the on-board EPROM. Bit combinations other than shown are 

illegal. 



LB3 


LB2 


LB1 


EPROM PROTECTION MODE 






n 


U 1 lOUi lU I UUi lai vci iiiUatiUi i, iuii CAICIIICU U|Jd dllUI 1. AAUUU.iui leu r-rnvlvi (Ji<jyicUM 

ming allowed without full device erasure. 








1 


Verification using encryption, execution of external MOVC instruction on internal 
program memory is disabled. All other program execution and data memory 
access allowed. Device must be fully erased before EPROM can be pro- 
grammed again. 





1 


1 


Verification disabled, execution of external MOVC instruction on internal pro- 
gram memory is disabled, and access to internal MOVX data from external pro- 
gram is prohibited. All other program execution and data memory access 
allowed. Device must be fully erased before EPROM can be programmed 
again. 


1 


1 


1 


Verification disabled, external program execution prohibited. Device must be 
fully erased before EPROM can be programmed again. 



Status Register (STATUS) 



SFR C5h 



7 


6 


5 


4 


3 


2 


1 





PIP 


HIP 


LIP 


XTUP 


SPTA1 


SPRA1 


SPTAO 


SPRAO 


R-0 


R-0 


R-0 


R-* 


R-0 


R-0 


R-0 


R-0 



R=Unrestricted Read, -n=Value after Reset, *=See description 

PIP Power Fail Priority Interrupt Status. When set, this bit indicates that 

Bit 7 software is currently servicing a power-fail interrupt. It is cleared when the 

program executes the corresponding RETI instruction. This bit is indetermi- 
nate on devices which do not incorporate the power-fail interrupt. 

HIP High Priority Interrupt Status. When set, this bit indicates that software is 

Bit 6 currently servicing a high priority interrupt. It is cleared when the program 

executes the corresponding RETI instruction. 

LIP Low Priority Interrupt Status. When set, this bit indicates that software is 

Bit 5 currently servicing a low priority interrupt. It is cleared when the program 

executes the corresponding RETI instruction. 

XTUP Crystal Oscillator Warm-up Status. This bit indicates whether the CPU 

Bit 4 crystal oscillator has completed the 65,536 cycle warm-up and is ready to 

operate from the external crystal or oscillator. This bit is cleared each time 
the crystal oscillator is restarted following an exit from Stop mode or the 
XTOFF bit (PMR.3) is set. While cleared, this bit prevents software from set- 
ting the XT/RG bit (EXIF.3) to enable operation from the crystal. Note that 
XTUP differs from the RGMD bit (EXIF.2) in that XTUP shows the status of 
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the crystal while RGMD shows the current clock source. This bit is set to 1 
following a power-on reset, but is unaffected by other forms of reset. 

SPTA1 Serial Port 1 Transmit Activity Monitor. When set, this bit indicates that 

Bit 3 data is currently being transmitted by serial port 1 . It is cleared when the 

internal hardware sets the TM bit. Do not alter the Clock Divide Control bits 
(PMR.7-6) while this bit is set or serial port data may be lost. 

SPRA1 Serial Port 1 Receive Activity Monitor. When set, this bit indicates that 

Bit 2 data is currently being received by serial port 1 . It is cleared when the inter- 

nal hardware sets the Rl_1 bit. Do not alter the Clock Divide Control bits 
(PMR.7-6) while this bit is set or serial port data may be lost. 

SPTAO Serial Port Transmit Activity Monitor. When set, this bit indicates that 

Bit 1 data is currently being transmitted by serial port 0. It is cleared when the 

internal hardware sets the TLO bit. Do not alter the Clock Divide Control bits 
(PMR.7-6) while this bit is set or serial port data may be lost. 

SPRAO Serial Port Receive Activity Monitor. When set, this bit indicates that 

Bit data is currently being received by serial port 0. It is cleared when the inter- 

nal hardware sets the Rl_0 bit. Do not alter the Clock Divide Control bits 
(PMR.7-6) while this bit is set or serial port data may be lost. 

Timed Access Register (TA) 



SFR C7h 



7 


6 


5 


4 


3 


2 


1 





TA.7 


TA.6 


TA.5 


TA.4 


TA.3 


TA.2 


TA.1 


TA.O 


W-1 


W-1 


W-1 


W-1 


W-1 


W-1 


W-1 


W-1 



W=Unrestricted Write, -n=Value after Reset 

TA.7-0 Timed Access. Correctly accessing this register permits modification of 

Bits 7-0 timed access protected bits. Write AAh to this register first, followed within 3 

cycles by writing 55h. Timed access protected bits can then be modified for a 
period of 3 cycles measured from the writing of the 55h. 

Timer 2 Control (T2CON) 



SFR C8h 



TF2 



EXF2 



RCLK 



TCLK 



EXEN2 



TR2 



CT2 



CP/RL2 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

TF2 Timer 2 Overflow Flag. This flag will be set when Timer 2 overflows from 

Bit 7 FFFFh or the count equal to the capture register in down count mode. It must 

be cleared by software. TF2 will only be set if RCLK and TCLK are both 

cleared to 0. 

EXF2 Timer 2 External Flag. A negative transition on the T2EX pin (P1 . 1 ) or timer 

Bit 6 2 underflow/overflow will cause this flag to set based on the CP/RL2 

(T2CON.0), EXEN2 (T2CON.3), and DCEN (T2MOD.0) bits. If set by a neg- 
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ative transition, this flag must be cleared to by software. Setting this bit in 
software or detection of a negative transition on the T2EX pin will force a 
timer interrupt if enabled. 



CP/RL2 


EXEN2 


DCEN 


RESULT 


1 





X 


Negative transitions on P1 .1 will not affect this bit. 


1 


1 


X 


Negative transitions on P1 .1 will set this bit. 











Negative transitions on P1 .1 will not affect this bit. 





1 




Negative transitions on P1 .1 will set this bit. 





X 


1 


Bit toggles whenever timer 2 underflows/over- 
flows and can be used as a 1 7th bit of resolution. 
In this mode, EXF2 will not cause an interrupt. 



RCLK Receive Clock Flag. This bit determines the serial port timebase when 

Bit 5 receiving data in serial modes 1 or 3. 

0=Timer 1 overflow is used to determine receiver baud rate for serial port 0. 

1=Timer 2 overflow is used to determine receiver baud rate for serial port 0. 

Setting this bit will force timer 2 into baud rate generation mode. The timer 

will operate from a divide by 2 of the external clock. 

TCLK Transmit Clock Flag. This bit determines the serial port timebase when 

Bit 4 transmitting data in serial modes 1 or 3. 

0=Timer 1 overflow is used to determine transmitter baud rate for serial port 0. 
1 =Timer 2 overflow is used to determine transmitter baud rate for serial port 
0. Setting this bit will force timer 2 into baud rate generation mode. The timer 
will operate from a divide by 2 of the external clock. 

EXEN2 Timer 2 External Enable. This bit enables the capture/ reload function on 

Bit 3 the T2EX pin if Timer 2 is not generating baud rates for the serial port. 

0=Timer 2 will ignore all external events at T2EX. 

1 =Timer 2 will capture or reload a value if a negative transition is detected on 

the T2EX pin. 

TR2 Timer 1 Run Control. This bit enables/disables the operation of timer 2. 

Bit 2 Halting this timer will preserve the current count in TH2, TL2. 

0=Timer 2 is halted. 

1=Timer 2 is enabled. 

C/T2 Counter/Timer Select. This bit determines whether timer 2 will function as a 

Bit 1 timer or counter. Independent of this bit, timer 2 runs at 2 clocks per tick 

when used in either baud rate generator or clock output mode. 

0=Timer 2 function as a timer. The speed of timer 2 is determined by the T2M 

bit (CKCON.5). 

1 =Timer 2 will count negative transitions on the T2 pin (P1 .0). 

CP/RL2 Capture/Reload Select. This bit determines whether the capture or reload 

Bit function will be used for timer 2. If either RCLK or TCLK is set, this bit will not 

function and the timer will function in an autc— reload mode following each 

overflow. 

0=Auto-reloads will occur when timer 2 overflows or a falling edge is 
detected on T2EX if EXEN2=1. 
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1=Timer 2 captures will occur when a falling edge is detected on T2EX if 
EXEN2=1. 

Timer 2 Mode (T2MOD) 



7 


6 


5 


4 


3 


2 


1 

















T20E 


DCEN 



RW-0 RW-0 



Bits 7-2 

T20E 

Bit 1 



DCEN 

BitO 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 
Reserved. Read data will be indeterminate. 

Timer 2 Output Enable. This bit enables/disables the clock output function 
of the T2 pin (P1.0). 

0=The T2 pin functions as either a standard port pin or as a counter input for 
timer 2. 

1=Timer 2 will drive the T2 pin with a clock output if C/T2=0. Also, timer 2 
rollovers will not cause interrupts. 

Down Count Enable. This bit, in conjunction with the T2EX pin, controls the 
direction that timer 2 counts in 1 6-bit auto-reload mode. 



DCEN 


T2EX 


DIRECTION 


1 


1 


Up 


1 





Down 





X 


Up 



Timer 2 Capture LSB (RCAP2L) 



SFRCAh 



7 


6 


5 


4 


3 


2 


1 





RCAP2L.7 


RCAP2L.6 


RCAP2L.5 


RCAP2L.4 


RCAP2L.3 


RCAP2L.2 


RCAP2L.1 


RCAP2L0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

RCAP2L.7-0 Timer 2 Capture LSB. This register is used to capture the TL2 value when 

Bits 7-0 timer 2 is configured in capture mode. RCAP2L is also used as the LSB of a 

16-bit reload value when timer 2 is configured in auto-reload mode. 
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Timer 2 Capture MSB (RCAP2H) 



SFR CBh 



7 


6 


5 


4 


3 


2 


1 





RCAP2H.7 


RCAP2H.6 


RCAP2H.5 


RCAP2H.4 


RCAP2H.3 


RCAP2H.2 


RCAP2H.1 


RCAP2H.0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

RCAP2H.7-0 Timer 2 Capture MSB. This register is used to capture the TH2 value when 

Bits 7-0 timer 2 is configured in capture mode. RCAP2H is also used as the MSB of a 

16-bit reload value when timer 2 is configured in auto-reload mode. 

Timer 2 LSB (TL2) 



SFR CCh 



7 


6 


5 


4 


3 


2 


1 





TL2.7 


TL2.6 


TL2.5 


TL2.4 


TL2.3 


TL2.2 


TL2.1 


TL2.0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



TL2.7-0 

Bits 7-0 

Timer 2 MSB (TH2) 



R=Unrestricted Read, W= Unrestricted Write, -n=Value after Reset 

Timer 2 LSB. This register contains the least significant byte of Timer 2. 



SFR CDh 



7 


6 


5 


4 


3 


2 


1 





TH2.7 


TH2.6 


TH2.5 


TH2.4 


TH2.3 


TH2.2 


TH2.1 


TH2.0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



TH2.7-0 

Bits 7-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

Timer 2 MSB. This register contains the most significant byte of Timer 2. 



Program Status Word (PSW) 





7 


6 


5 


4 


3 


2 


1 





SFR DOh [ 




-i 

AC 


FO 


RS1 


RSO 


OV 


F1 


PARITY 




RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



CY 

Bit 7 

AC 

Bit 6 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

Carry Flag. This bit is set when if the last arithmetic operation resulted in a 
carry (during addition) or a borrow (during subtraction). Otherwise it is 
cleared to by all arithmetic operations. 

Auxiliary Carry Flag. This bit is set to 1 if the last arithmetic operation 
resulted in a carry into (during addition), or a borrow (during subtraction) 
from the high order nibble. Otherwise it is cleared to by all arithmetic opera- 
tions. 
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FO 

Bit 5 

RS1.RS0 

Bits 4-3 



User Flag 0. This is a bit-addressable, general purpose flag for software 
control. 

Register Bank Select 1-0. These bits select which register bank is 
addressed during register accesses. 



OV 

Bit 2 

F1 

Bit 1 

PARITY 

BitO 



RS1 


RSO 


REGISTER BANK 


ADDRESS 











OOh - 07h 





1 


1 


08h-0Fh 


1 





2 


10h-17h 


1 


1 


3 


18h-1Fh 



Overflow Flag. This bit is set to 1 if the last arithmetic operation resulted in a 
carry (addition), borrow (subtraction), or overflow (multiply or divide). Other- 
wise it is cleared to by all arithmetic operations. 

User Flag 1 . This is a bit-addressable, general purpose flag for software 
control. 

Parity Flag. This bit is set to 1 if the modulo-2 sum of the eight bits of the 
accumulator is 1 (odd parity); and cleared to on even parity. 



Watchdog Control (WDCON) 



SMOD 


POR 


EPFI 


PFI 


WDIF 


WTRF 


EWT 


RWT 



RW-0 



RT-* 



RW-0 



RW-* 



RT-0 



RW-* 



RT-* 



RT-0 



R=Unrestricted Read, W=Unrestricted Write, T=Timed Access Write Only, -n=Value after Reset, 

*=See description 

SMOD Serial Modification. This bit controls the doubling of the serial port 1 baud 

Bit 7 rate in modes 1 , 2, and 3. 

0=Serial port 1 baud rate operates at normal speed 
1=Serial port 1 baud rate is doubled. 

Power-on Reset Flag. This bit indicates whether the last reset was a 
power-on reset. This bit is typically interrogated following a reset to deter- 
mine if the reset was caused by a power-on reset. It must be cleared by a 
Timed Access write before the next reset of any kind or the software may 
erroneously determine that another power-on reset has occurred. This bit is 
set following a power-on reset and unaffected by all other resets. 
0=Last reset was from a source other than a power-on reset 
1=Last reset was a power-on reset. 



POR 

Bit 6 
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EPFI 

Bit 5 



PR 

Bit 4 



WDIF 

Bit 3 



Enable Power fail Interrupt. This bit enables/disables the ability of the 
internal band-gap reference to generate a power-fail interrupt when V cc 
falls below approximately 4.5 volts. While in Stop mode, both this bit and the 
Band-gap Select bit, BGS (EXIF.O), must be set to enable the power-fail 
interrupt. 

0=Power-fail interrupt disabled. 

1=Power-fail interrupt enabled during normal operation. Power-fail inter- 
rupt enabled in Stop mode if BGS is set. 

Power fail Interrupt Flag. When set, this bit indicates that a power-fail 
interrupt has occurred. This bit must be cleared in software before exiting the 
interrupt service routine, or another interrupt will be generated. Setting this 
bit in software will generate a power-fail interrupt, if enabled. 

Watchdog Interrupt Flag. This bit, in conjunction with the Watchdog Timer 
Interrupt Enable bit, EWDI (EIE.4), and Enable Watchdog Timer Reset bit 
(WDCON.1), indicates if a watchdog timer event has occurred and what 
action will be taken. This bit must be cleared in software before exiting the 
interrupt service routine, or another interrupt will be generated. Setting this 
bit in software will generate a watchdog interrupt if enabled. This bit can only 
be modified using a Timed Access Procedure. 



EWT 


EWDI 


WDIF 


RESULT 


x 


x 





No watchdog event has occured. 








1 


Watchdog time-out has expired. No interrupt has 
been generated. 









Watchdog interrupt has occured. 


1 





1 


Watchdog time-out has expired. No interrupt has 
been generated. Watchdog timer reset will occur in 
512 cycles if RWT is not strobed. 


1 


1 




1 


Watchdog interrupt has occurred. Watchdog timer 
reset will occur in 51 2 cycles if RWT is not set using 
a Timed Access procedure. 



WTRF 

Bit 2 



EWT 

Bit 1 



Watchdog Timer Reset Flag. When set, this bit indicates that a watchdog 
timer reset has occurred. It is typically interrogated to determine if a reset 
was caused by watchdog timer reset. It is cleared by a power-on reset, but 
otherwise must be cleared by software before the next reset of any kind or 
software may erroneously determine that a watchdog timer reset has 
occurred. Setting this bit in software will not generate a watchdog timer 
reset. If the EWT bit is cleared, the watchdog timer will have no effect on this 
bit. 

Enable Watchdog Timer Reset. This bit enables/disables the ability of the 
watchdog timer to reset the device. This bit has no effect on the ability of the 
watchdog timer to generate a watchdog interrupt. The time-out period of the 
watchdog timer is controlled by the Watchdog Timer Mode Select bits 
(CKCON.7-6). Clearing this bit will disable the ability of the watchdog timer 
to generate a reset, but have no affect on the timer itself, or its ability to gen- 
erate a watchdog timer interrupt. This bit can only be modified using a Timed 
Access Procedure. The default power-on reset state of this bit is on the 
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ROMIess devices. If the device contains EPROM program memory, the 
default power-on reset state of EWT is determined by the Watchdog Default 
POR State bit (WDPOR) located in the System Control Byte. If the device 
contains mask ROM program memory, the default power-on reset state is 
determined by a mask option. 

0=A timeout of the watchdog timer will not cause the device to reset. 
1=A timeout of the watchdog timer will cause the device to reset. 

RWT Reset Watchdog Timer. Setting this bit will reset the watchdog timer count. 

Bit This bit must be set using a Timed Access procedure before the watchdog 

timer expires, or a watchdog timer reset and/or interrupt will be generated if 
enabled. The time-out period is defined by the Watchdog Timer Mode 
Select bits (CKCON.7-6). This bit will always be when read. 



Accumulator (A or ACC) 



7 6 5 4 3 2 1 



SFR EOh 



ACC. 7 


ACC.6 


ACC.5 


ACC.4 


ACC. 3 


ACC.2 


ACC.1 


ACC.O 



RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 



R=Unrestricted Read, W= Unrestricted Write, -n=Value after Reset 

ACC.7-0 Accumulator. This register serves as the accumulator for arithmetic 

Bits 7-0 operations. It is functionally identical to the accumulator found in the 80C32. 

Extended Interrupt Enable (EIE) 



7 


6 


5 


4 


3 


2 


1 









ERTCI 


EWDI 


EX5 


EX4 


EX3 


EX2 



RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 
Bit 7-6 Reserved. Read data will be indeterminate. 

ERTCI Real Time Clock Interrupt Enable. This bit enables/disables the real-time 

Bit 5 clock interrupt on the DS87C530. This bit will read on all other devices. 

0=Disable the real-time clock interrupt. 

1=Enable interrupt requests generated by the real-time clock. 

EWDI Watchdog Interrupt Enable. This bit enables/disables the watchdog 

Bit 4 interrupt. 

0=Disable the watchdog interrupt. 

1=Enable interrupt requests generated by the watchdog timer. 

EX5 External Interrupt 5 Enable. This bit enables/disables external interrupt 5. 

Bit 3 0=Disable external interrupt 5. 

1=Enable interrupt requests generated by the INT5 pin 

EX4 External Interrupt 4 Enable. This bit enables/disables external interrupt 4. 

Bit 2 0=Disable external interrupt 4. 

1=Enable interrupt requests generated by the INT4 pin 
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EX3 

Bit 1 

EX2 

BitO 



B Register (B) 



SFR FOh 



External Interrupt 3 Enable. This bit enables/disables external interrupt 3. 
0=Disable external interrupt 3. 

1=Enable interrupt requests generated by the INT3 pin. 

External Interrupt 2 Enable. This bit enables/disables external interrupt 2. 
0=Disable external interrupt 2. 

1=Enable interrupt requests generated by the INT2 pin. 



7 


6 


5 


4 


3 


2 


1 





B.7 


B.6 


B.5 


B.4 


B.3 


B.2 


B.1 


B.O 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



B.7-0 

Bits 7-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 

B Register. This register serves as a second accumulator for certain 
arithmetic operations. It is functionally identical to the B register found in the 
80C32. 



Real Time Alarm Subsecond Register (RTASS) 



SFR F2h 



7 


6 


5 


4 


3 


2 


1 





RTASS. 7 


RTASS. 6 


RTASS. 5 


RTASS.4 


RTASS. 3 


RTASS. 2 


RTASS. 1 


RTASS.O 


RW-* 


RW-* 


RW-* 


RW-* 


RW-* 


RW-* 


RW-* 


RW-* 



RTASS.7-0 

Bits 7-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset, *=See description 

Real Time Alarm Subsecond. These bits represent the subsecond alarm 
which will be compared against the RTC Subsecond register (RTCSS;FAh). 
The ability of a match between the two registers to cause an alarm is con- 
trolled by the RTC Subsecond Register Compare Enable bit (RTCC.7). The 
contents of this register will be indeterminate following a no-battery reset, 
and unchanged by all other forms of reset. 

Real Time Alarm Second Register (RTAS) 



SFR F3h 



Bits 7-6 

RTAS.5-0 

Bits 5-0 



7 


6 


5 


4 


3 


2 


1 











RTAS. 5 


RTAS.4 


RTAS. 3 


RTAS. 2 


RTAS.1 


RTAS.O 


R-0 


R-0 


RW-* 


RW-* 


RW-* 


RW-* 


RW-* 


RW-* 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset, *=See description 
Reserved. These bits will be when read. 

Real Time Alarm Second. These bits represent the second alarm which will 
be compared against the RTC Second register (RTCS;FBh). The ability of a 
match between the two registers to cause an alarm is controlled by the RTC 
Second Register Compare Enable bit (RTCC.6). This register should only 
be loaded with values from to 3Bh (0 to 59 seconds). The contents of this 
register will be indeterminate following a no-battery reset (except bits 7, 6), 
and unchanged by all other forms of reset. 
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Real Time Alarm Minute Register (RTAM) 



7 


6 


5 


4 


3 


2 


1 











RTAM. 5 


RTAM.4 


RTAM.3 


RTAM. 2 


RTAM.1 


RTAM.O 


R-0 


R-0 


RW-* 


RW-* 


RW-* 


RW-* 


RW-* 


RW-* 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset, *=See description 
Bits 7-6 Reserved. These bits will be when read. 

RTAM.5-0 Real Time Alarm Minute. These bits represent the minute alarm which will 

Bits 5-0 be compared against the RTC Minute register (RTCM;FCh). The ability of a 

match between the two registers to cause an alarm is controlled by the RTC 
Minute Register Compare Enable bit (RTCC.5). ). This register should only 
be loaded with values from to 3Bh (0 to 59 minutes). The contents of this 
register will be indeterminate following a no-battery reset (except bits 7, 6), 
and unchanged by all other forms of reset. 

Real Time Alarm Hour Register (RTAH) 



SFR F5h 



7 


6 


5 


4 


3 


2 


1 














RTAH. 4 


RTAH.3 


RTAH. 2 


RTAH.1 


RTAH.O 


R-0 


R-0 


R-0 


RW-* 


RW-* 


RW-* 


RW-* 


RW-* 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset, *=See description 
Reserved. These bits will be when read. 

Real Time Alarm Hour. These bits represent the hour alarm which will be 
compared against the RTC Hour register (RTCH;FDh). The ability of a 
match between the two registers to cause an alarm is controlled by the RTC 
Hour Register Compare Enable bit (RTCC.4). This register should only be 
loaded with values from to 17h (0 to 23 hours). The day of week bits 
DOW2-0, located in RTCH.7-5 do not have a corresponding alarm feature. 
The contents of this register will be indeterminate following a no-battery 
reset (except bits 7, 6, 5), and unchanged by all other forms of reset. 

Extended Interrupt Priority (EIP) 



7 


6 


5 


4 


3 


2 


1 









PRTCI 


PWDI 


PX5 


PX4 


PX3 


PX2 






RW-0 


RW-0 


RW-0 


RW-0 


RW-0 


RW-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset 
Bit 7-6 Reserved. Read data will be indeterminate. 

PRTCI Real Time Clock Interrupt Priority. This bit controls the priority of the 

Bit 5 real-time clock interrupt on the DS87C530. This bit will read on all other 

devices. 

0=The real-time clock interrupt is a low priority interrupt. 
1=The real-time clock interrupt is a high priority interrupt. 



Bits 7-5 

RTAH.4-0 

Bits 4-0 
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PWDI 

Bit 4 



PX5 

Bit 3 



PX4 

Bit 2 



PX3 

Bit 1 



PX2 

BitO 



Watchdog Interrupt Priority. This bit controls the priority of the watchdog 
interrupt. 

0=The watchdog interrupt is a low priority interrupt. 
1=The watchdog interrupt is a high priority interrupt. 

External Interrupt 5 Priority. This bit controls the priority of external 
interrupt 5. 

0=External interrupt 5 is a low priority interrupt. 
1 =External interrupt 5 is a high priority interrupt. 

External Interrupt 4 Priority. This bit controls the priority of external 
interrupt 4. 

0=External interrupt 4 is a low priority interrupt. 
1=External interrupt 4 is a high priority interrupt. 

External Interrupt 3 Priority. This bit controls the priority of external 
interrupt 3. 

0=External interrupt 3 is a low priority interrupt. 
1=External interrupt 3 is a high priority interrupt. 

External Interrupt 2 Priority. This bit controls the priority of external 
interrupt 2. 

0=External interrupt 2 is a low priority interrupt. 
1=External interrupt 2 is a high priority interrupt. 



Real Time Clock Control Register (RTCC) 



SFR F9h 


SSCE 


SCE 


MCE 


HCE 


RTCRE 


RTCWE 


RTCIF 


RTCE 




RW-* 


RW-* 


RW-* 


RW-* 


RW*-0 


RT*-0 


R*-* 


RT-* 



R=Unrestricted Read, W=Unrestricted Write, T=Timed Access Write Only, -n=Value after Reset, 

*=See description 

SSCE RTC Subsecond Register Compare Enable. This bit enables a match 

Bit 7 between the Real Time Alarm Subsecond Register (RTASS;F2h) and the 

Real Time Clock Subsecond Register (RTCSS;FAh) to contribute to the 
RTC interrupt request. This bit will be indeterminate following a no-battery 
reset, and is unaffected by all other resets. 

0=The subsecond value is a Don't Care when evaluating the RTC alarm. If 
any other alarm register compare bits are enabled, this will cause one interrupt 
per subsecond tick (1/256 second) for as long as the other registers match. 
1=lnclude the subseconds along with any other registers when evaluating 
alarm compare conditions. 

SCE RTC Second Register Compare Enable. This bit enables a match 

Bit 6 between the Real Time Alarm Second Register (RTAS;F3h) and the Real 

Time Clock Second Register (RTCS;FBh) to contribute to the RTC interrupt 
request. This bit will be indeterminate following a no-battery reset, and is 
unaffected by all other resets. 

0=The second value is a Don't Care when evaluating an RTC alarm. If any 
other alarm register compare bits are enabled, this will cause one interrupt 
per second as long as the other registers match. 

1 =lnclude the second along with any other registers when evaluating alarm 
compare conditions. 
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MCE 

Bit 5 



HCE 

Bit 4 



RTCRE 

Bit 3 



RTCWE 

Bit 2 



RTC Minute Register Compare Enable. This bit enables a match between 
the Real Time Alarm Minute Register (RTAM;F4h) and the Real Time Clock 
Minute Register (RTCM;FCh) to contribute to the RTC interrupt request. 
This bit will be indeterminate following a no-battery reset, and is unaffected 
by all other resets. 

0=The minute value is a Don't Care when evaluating an RTC alarm. If any 
other alarm register compare bits are enabled, this will cause one interrupt 
per minute as long as the other registers match. 

1=lnclude the minute along with any other registers when evaluating alarm 
compare conditions. 

RTC Hour Register Compare Enable. This bit enables a match between 
the Real Time Alarm Hour Register (RTAH;F5h) and the Real Time Clock 
Hour Register (RTCH;FDh) to contribute to the RTC interrupt request. This 
bit will be indeterminate following a no-battery reset, and is unaffected by all 
other resets. 

0=The hour value is a Don't Care when evaluating an RTC alarm. If any 
other alarm register compare bits are enabled, this will cause one interrupt 
per hour for as long as the other registers match. 

1=lnclude the hour along with any other registers when evaluating alarm 
compare conditions. 

RTC Read Enable. This bit temporarily halts internal updating of the RTC to 
allow software to read the current time. No loss of time will occur. This bit will 
be cleared to following any reset. Attempts to set the RTCRE and RTCWE 
bits simultaneously will be ignored. When this bit is cleared, software must 
wait 4 machine cycles before setting either the RTCRE or RTCWE bit again. 
0=Reads of the RTC clock registers (RTCSS;FAh, RTCS;FBh, RTCM;FCh, 
RTCH;FDh, RTCDO;FEh, RTCD1;FFh) are prohibited and will return erro- 
neous values. 

1=Reads of the RTC clock registers are permitted during a 1 ms window 
starting from the time the bit is set. Immediately after setting this bit, software 
must wait 4 machine cycles to allow all time registers to synchronize. This bit 
should be cleared by the user when the desired reads are complete, 
although it will clear automatically within 1 .95 ms if not cleared in software. 

RTC Write Enable. This bit temporarily halts the RTC to allow software to 
update the current time. No loss of time will occur. This bit can only be modi- 
fied using a Timed Access procedure. Changing this bit from 1 to will reset 
the RTCSS register to OOh.This bit will be cleared to following any reset. 
0=Writestothe RTC clock registers (RTCSS;FAh, RTCS;FBh, RTCM;FCh, 
RTCH;FDh, RTCDO;FEh, RTCD1;FFh) are ignored. Attempts to set the 
RTCRE and RTCWE bits simultaneously will be ignored. When this bit is 
cleared, software must wait 4 machine cycles before setting either the 
RTCRE or RTCWE bit again. 

1=Writes to the RTC clock registers are permitted during a 1 ms window start- 
ing from the time this bit is set. Immediately after setting this bit, software must 
wait 4 machine cycles to allow all time registers to synchronize. This bit should 
be cleared by the user when the desired updates are complete, although it will 
clear automatically after 1 .95 ms if not cleared in software. 



042595 49/149 



50 



HIGH-SPEED MICROCONTROLLER USER'S GUIDE 



RTCIF 

Bit 1 



RTCE 

BitO 



RTC Interrupt Flag. This bit indicates that a RTC alarm match has been 
made between all the enabled alarm registers and their corresponding clock 
registers. This bit will generate an RTC Interrupt if the ERTCI bit (EIE.5) is 
set, and must be cleared by software following an interrupt. RTC interrupts 
cannot be generated by setting this bit. Clearing all alarm compare enable 
bits (RTCC.7-4) will also clear this bit. This bit will be indeterminate following 
a no-battery reset, and is unaffected by all other resets. This bit cannot be 
set in software. 

0=No RTC interrupts are pending. 
1=RTC Interrupt is pending/active. 

RTC Enable. This bit enables/disables the RTC oscillator, halting the RTC. 
This bit must be accessed using a Timed Access procedure. This bit will be 
indeterminate following a no-battery reset, and is unaffected by all other 
resets. If RTC operation is desired, it must be enabled following battery 
application. 

0=RTC oscillator is disabled. 
1=RTC oscillator is enabled. 



Real Time Clock Subsecond Register (RTCSS) 



SFR FAh 



7 


6 


5 


4 


3 


2 


1 





RTCSS. 7 


RTCSS.6 


RTCSS. 5 


RTCSS.4 


RTCSS. 3 


RTCSS. 2 


RTCSS. 1 


RTCSS.O 


R*-* 


R*-* 


R*-* 


R*-* 


R*-* 


R*-* 


R*-* 


R*-* 



RTCSS.7-0 

Bits 7-0 



R=Unrestricted Read, -n=Value after Reset, *=See description 

Real Time Clock Subseconds. This register represents the subsecond 
value of the RTC. It can be read only when the RTC RE bit is set, and writes 
are not permitted. It is reset to OOh when the RTCWE bit is cleared. The reg- 
ister counts from Oh to FFh. 



Real Time Clock Second Register (RTCS) 



SFR FBh 



7 


6 


5 


4 


3 


2 


1 











RTCS. 5 


RTCS. 4 


RTCS.3 


RTCS.2 


RTCS.1 


RTCS.O 


R*-0 


R*-0 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset, *=See description 
Bits 7-6 Reserved. These bits will be when read. 



RTCS.5-0 

Bits 5-0 



Real Time Clock Seconds. This register represents the second value of the 
RTC. This register can be read only when the RTCRE bit is set, and can only 
be modified when the RTCWE bit is set. Consult the description of the 
RTCWE bit for the programming protocol for this register. This register 
counts from Oh to 3Bh (0 to 59 seconds), and any writes to this register out- 
side of that range will generate an inaccurate count. 
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Real Time Clock Minute Register (RTCM) 



SFR FCh 



7 


6 


5 


4 


3 


2 


1 











RTCM.5 


RTCM. 4 


RTCM. 3 


RTCM. 2 


RTCM.1 


RTCM.O 


R*-0 


R*-0 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 



Bits 7-6 

RTCM.5-0 

Bits 5-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset, *=See description 
Reserved. These bits will be when read. 

Real Time Clock Minutes. This register represents the minute value of the 
RTC. This register can be read only when the RTCRE bit is set, and can only 
be modified when the RTCWE bit is set. Consult the description of the 
RTC WE bit for the programming protocol for this register. This register 
counts from Oh to 3Bh (0 to 59 minutes), and any writes to this register out- 
side of that range will generate an inaccurate count. 

Real Time Clock Hour Register (RTCH) 



7 


6 


5 


4 


3 


2 


1 





DOW2 


DOW1 


DOW0 


RTCH.4 


RTCH.3 


RTCH. 2 


RTCH.1 


RTCH.O 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 



R=Unrestricted Read, W= Unrestricted Write, -n=Value after Reset, *=See description 

DOW2-0 Real Time Clock Day of the Week. These bits represent the current day of 

Bits 7-5 the week. This register can be read only when the RTCRE bit is set, and can 

only be modified when the RTCWE bit is set. Consult the description of the 
RTCWE bit for the programming protocol for this register. This register 
counts from 1h to 7h, and increments when the hour value of the RTC 
(RTCH.4-0) rolls over from 1 7h to Oh. Writing a Oh to these bits will disable 
the day of week function and the count will remain 0. No alarm corresponds 
to these bits. 

RTCH.4-0 Real Time Clock Hours. These bits represent the hour value of the RTC. 

Bits 4-0 This register can be read only when the RTCRE bit is set, and can only be 

modified when the RTCWE bit is set. Consult the description of the RTCWE 
bitforthe programming protocol forthis register. This register counts from Oh 
to 1 7h (0 to 23 hours), and any writes outside of that range will generate an 
inaccurate count. 
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Real Time Clock Day Register (RTCDO) 



7 


6 


5 


4 


3 


2 


1 





RTCD0.7 


RTCD0.6 


RTCDO. 5 


RTCD0.4 


RTCD0.3 


RTCD0.2 


RTCDO. 1 


RTCDO.O 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 


R*W*-* 



R=Unrestricted Read, W=Un restricted Write, -n=Value after Reset, *=See description 

Real Time Clock Day Register 0. This register contains the least significant 
byte of the 16-bit current day count. This is not an absolute value tied to a 
specific calendar date, but rather a relative day count defined by the user. 
This register can be read only when the RTCRE bit is set, and can only be 
modified when the RTCWE bit is set. Consult the description of the RTCWE 
bit for the programming protocol for this register. The register counts from Oh 
to FFh. No alarm corresponds to these bits. 

Real Time Clock Day Register 1 (RTCD1) 
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3 


2 


1 





RTCD1.7 


RTCD1.6 


RTCD1.5 


RTCD1.4 


RTCD1.3 


RTCD1.2 


RTCD1.1 


RTCD1.0 



R*W*-* R*W*-* R*W*-* R*W*-* R*W*-* R*W*-* R*W*-* R*W*-* 



RTCDO.7-0 

Bits 7-0 



R=Unrestricted Read, W=Unrestricted Write, -n=Value after Reset, *=See description 

RTCD1 .7-0 Real Time Clock Day Register 1 . This register contains the most significant 

Bits 7-0 byte of the 1 6-bit current day count. This is not an absolute value tied to a 

specific calendar date, but rather a relative day count defined by the user. 
This register can be read only when the RTCRE bit is set, and can only be 
modified when the RTCWE bit is set. Consult the description of the RTCWE 
bitforthe programming protocol for this register. The register counts from Oh 
to FFh. A rollover of this register will clear RTCD1 and RTCDO. No alarm cor- 
responds to these bits. 
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INSTRUCTION TIMING 

All instructions in the High-Speed Microcontroller per- 
form the same functions as their 80C32 counterparts. 
Their effect on bits, flags, and other status functions is 
identical. However, the timing of each instruction is dif- 
ferent. This applies both in absolute terms of nanosec- 
onds for a given crystal, and in relative terms of clocks. 

For absolute timing of real-time events, the timing of 
software loops will need to be calculated using the data 
provided in Section 16, Instruction Set Details. Howev- 
er, timers default to run at the older 1 2 clocks per timer 
increment. Therefore, while software runs at higher 
speed, timer-based events need no modification. 

The relative time of two instructions might be different in 
the new architecture than it was previously. For exam- 
ple, both the one-byte, two-cycle "MOVX A, ODPTR" 
instruction and the three-byte, two-cycle "MOV direct, 
direct" instruction used two cycles. Therefore, they 
required the same amount of time. In the High-Speed 
Microcontroller, the MOVX instruction uses two cycles 
but the "MOV direct, direct" uses three cycles. While 
both are faster than their original counterparts, they now 
have different execution times from each other. This is 
because the High-Speed Microcontroller typically uses 
one cycle for each byte. This is generally true for all 
instructions except for MUL, DIV, MOVC, MOVX, and 
branch type instructions. These require more cycles 
than the number of bytes involved. The timing of each 
instruction should be examined for familiarity with the 
changes. Note that a machine cycle now requires just 
four clocks, and provides one ALE pulse per cycle. 
Many instructions require only one cycle, but some 
require five. In the original architecture, all were one or 
two cycles except for MUL and DIV. 

ADDRESSING MODES 

The High-Speed Microcontroller uses the standard 
8051 instruction set which is supported by a wide range 
of third party assemblers and compilers. Like the 8051 , 
the High-Speed Microcontroller uses three memory 
areas. These are program memory, data memory, and 



Registers. Both the program and data areas are 64KB 
each. They extend from OOOOh to FFFFh. The register 
areas are located between OOh and FFh, but do not 
overlap with the program and data segments. This is 
because the High-Speed Microcontroller uses different 
modes of addressing to reach each memory segment. 
These modes are described below. 

Program memory is the area from which all instructions 
are fetched. It is inherently read only. This is because 
the 8051 instruction set provides no instructions that 
write to this area. Read/write access is for data memory 
and Registers only. No special action is required to fetch 
from program memory. Each instruction fetch will be 
performed automatically by the on-chip hardware. In 
versions that contain on-chip memory, the hardware 
will decide whether the fetch is on-chip or off-chip 
based on the address. 

Explicit addressing modes are needed for the data 
memory and register areas. These modes determine 
which register area is accessed or if off-chip data 
memory is used. 

The High-Speed Microcontroller supports eight 
addressing modes. They are: 

Register Addressing 
Direct Addressing 
Register Indirect Addressing 
Immediate Addressing 

Register Indirect Addressing with Displacement 
Relative Addressing 
Page Addressing 
Extended Addressing 

Five of the eight are used to address operands. The 
remainder are used for program control and branching. 
When writing assembly language instructions that use 
arguments, the convention is destination, source. Each 
mode of addressing is summarized below. Note that 
many instructions (such as ADD) have multiple addres- 
sing modes available.. 
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Register Addressing 

Register Addressing is used for operands that are 
located in one of the eight Working Registers (R7-R0). 
These are the currently selected Working Register 
bank, which reside in the lower 32 bytes of Scratchpad 
RAM. A register bank is selected using two bits in the 
Program Status Word (PSW;DOh). This addressing 
mode is powerful, since it uses the active bank without 
knowing which bank is selected. Thus one instruction 
can have multiple uses by simply switching banks. Reg- 
ister Addressing is also a high-speed instruction, re- 
quiring only one machine cycle. Two examples of Regis- 
ter Addressing are provided below. 

ADD A, R4 ;Add Accumulator to register R4 

INC R2 ;lncrementthe value in register R2 

In the first case, the value in R4 is the source of the 
operation. In the later, R2 is the destination. These 
instructions do not consider the absolute address of the 
register. They will act on whichever bank has been 
selected. 

Any Working Register may also be accessed by Direct 
Addressing, described below. To do this, the absolute 
address must be specified. 

Direct Addressing 

Direct Addressing is the mode used to access the entire 
lower 128 bytes of Scratchpad RAM and the SFR area. 
It is commonly used to move the value in one register to 
another. Two examples are shown below. 

MOV 72h, 74h ;Move the value in register 74 to 
; register 72. 

MOV 90h, 20h ;Move the value in register 20 to 
;theSFRat90h (Portl) 

Note that there is no instruction difference between a 
RAM access and an SFR access. The SFRs are simply 
register locations above 7Fh. 

Direct Addressing also extends to bit addressing. There 
is a group of instructions that explicitly use bits. The 
address information provided to such an instruction is 
the bit location, rather than the register address. Regis- 
ters between 20h and 2Fh contain bits that are individu- 
ally addressable. SFRs that end in or 8 are bit 



addressable. An example of Direct Bit Addressing is as 
follows. 

SETB OOh ;Set bit 00 in the RAM. This is the 

; LSb of the register at address 20h 
; as shown in Section 4. 

MOV C , 0B7h ; Move the contents of bit B7 to the 
; Carry flag. Bit B7 is the MSb of 
; register BO (Port 3). 

Register Indirect Addressing 

This mode is used to access the Scratchpad RAM loca- 
tions above 7Fh. It can also be used to reach the lower 
RAM (Oh - 7Fh) if needed. The address is supplied by 
the contents of the Working Register specified in the 
instruction. Thus one instruction can be used to reach 
many values by altering the contents of the designated 
Working Register. Note that in general, only R0 and R1 
can be used as pointers. An example of Register Indi- 
rect Addressing is as follows. 

ANL A, @R0 ;Logical AND the Accumulator 
; with the contents of the register 
; pointed to by the value stored in 
;R0. 

This mode is also used for Stack manipulation. This is 
because all Stack references are directed by the value 
in the Stack Pointer register. The Push and Pop instruc- 
tions use this method of addressing. An example is as 
follows. 

PUSH A ;Saves the contents of the 

; accumulator on the stack. 

Register Indirect Addressing is used for all off-chip data 
memory accesses. These involve the MOVX instruc- 
tion. The pointer registers can be R0, R1, DPTRO and 
DPTR1 . Both R0 and R1 reside in the Working Register 
area of the Scratchpad RAM. They can be used to refer- 
ence a 256 byte area of off-chip data memory. When 
using this type of addressing, the upper address byte is 
supplied by the value in the Port 2 latch. This value must 
be selected by software prior to the MOVX instruction. 
An example is as follows. 

MOVX @R0, A ; Write the value in the accumulator 
; to the address pointed to by R0 in 
; the page pointed to by P2. 
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The 16-bit Data pointers (DPTRs) can be used as an 
absolute off-chip reference. This gives access to the 
entire 64KB data memory map. An example is as fol- 
lows. 

MOVX @ DPTR, A ; Write the value in the accumulator 
; to the address referenced by the 
; selected data pointer. 

Immediate Addressing 

Immediate Addressing is used when one of the oper- 
ands is predetermined and coded into the software. This 
mode is commonly used to initialize SFRs and to mask 
particular bits without affecting others. An example is as 
follows. 

ORL A, #40h ;Logical OR the Accumulator 
; with 40h. 

Register Indirect with Displacement 

Register Indirect Addressing with Displacement is used 
to access data in lookup tables in program memory 
space. The location is created using a base address 
with an index. The base address can be either the PC or 
the DPTR. The index is the accumulator. The result is 
stored in the accumulator. An example is as follows. 

MOVC A, ©A+DPTR ;Load the accumulator with the 
; contents of program memory 
; pointed to by the contents of 
; the DPTR plus the value in 
; the accumulator. 

Relative Addressing 

Relative Addressing is used to determine a destination 
address for Conditional branch. Each of these instruc- 
tions includes an 8-bit value that contains a two's com- 



plement address offset (-1 27 to +1 28) which is added to 
the PC to determine the destination address. This des- 
tination is branched to when the tested condition is true. 
The PC points to the program memory location immedi- 
ately following the branch instruction when the offset is 
added. If the tested condition is not true, the next 
instruction is performed. An example is as follows. 

JZ $-20 ;Branch to the location (PC+2)-20 
; if the contents of the accumulator 

;=o. 

Page Addressing 

Page Addressing is used by the Branching instructions 
to specify a destination address within the same 2KB 
block as the next contiguous instruction. The full 1 6-bit 
address is calculated by taking the five highest order 
bits for the next instruction (PC+2) and concatenating 
them with the lowest order 11 bit field contained in the 
current instruction. An example is as follows. 

0870h ACALL1 OOh ;Call to the subroutine at 
; address 1 0Oh plus the 
; current page address. 

In this example, the current page address is 800h, so 
the destination address is 900h. 

Extended Addressing 

Extended Addressing is used by the Branching instruc- 
tions to specify a 1 6-bit destination address within the 
64KB address space. The destination address is fixed 
in software as an absolute value. An example is as fol- 
lows. 

LJMP 0F732h ; Jump to address 0F732h. 
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PROGRAM STATUS FLAGS 

All Program Status Flags are contained in the Program 
Status Word at SFR location DOh. It contains flags that 



reflect the status of the CPU and the result of selected 
operations. The flags are summarized below. The fol- 
lowing table shows the instructions that affect each flag. 



Bit Description : 

PSW.7 

Carry 

PSW.6 

Auxiliary Carry 

PSW.2 

Overflow 

PSW.O 

Parity 



Set when the previous operation resulted in a carry (during addition) or a 
borrow (during subtraction), otherwise cleared. 

AC 

Set when the previous operation resulted in a carry (during addition) or a 
borrow (during subtraction) from the high order nibble. Otherwise cleared. 

OV 

Set when a carry was generated into the high order bit but not a carry out of 
the high order bit. OV is normally used with 2's complement arithmetic. 



Set to logic 1 to indicate an odd number of ones in the accumulator (odd par- 
ity). Cleared for an even number of ones. This produces even parity. 



All of these bits are cleared to a logic for all resets. 



INSTRUCTIONS THAT AFFECT FLAG SETTINGS Table 4-4 



INSTRUCTION 




FLAGS 


INSTRUCTION 






C 


OV AC 




C 


ADD 


X 


X X 


CLRC 





ADDC 


X 


X X 


CPLC 


X 


SUBB 


X 


X X 


ANL C, bit 


X 


MUL 





X 


ANL C, bit 


X 


DIV 





X 


ORL C, bit 


X 


DA 


X 




ORLC, bit 


X 


RRC 


X 




MOV C, bit 


X 


RLC 


X 




CJNE 


X 


SETBC 


1 









FLAGS 
OV AC 



X indicates the modification is according to the result of the instruction. 
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SECTION 5: CPU TIMING 

The timing of the High-Speed Microcontroller is the 
area with the greatest departure from the original 8051 
series. This section will briefly explain the timing and 
also compare it to the original. 



XTAL2 

This pin is the output of the crystal amplifier. It can be 
used to distribute the clock to other devices on the same 
board. If using a crystal, the loading on this pin should be 
kept to a minimum, especially capacitive loading. 



OSCILLATOR 

The High-Speed Microcontroller provides an on-chip 
oscillator circuit that can be driven by an external crystal 
or by an off-chip TTL clock source. The oscillator circuit 
provides the internal clocking signals to the on-chip 
CPU and I/O circuits. 

Figure 5-1 shows the required connections for a crystal. 
In most cases, a crystal will be the preferred clock 
source. For very low power applications, a low fre- 
quency ceramic resonator may also be used. The 
capacitors shown in Figure 5-1 are typical values. If a 
resonator is used, higher capacitance, such as 47 pF 
may be needed. 

For higher frequency designs, an off-chip clock oscilla- 
tor may be preferred. This is illustrated in Figure 5-2. 
When using an off-chip oscillator, the duty cycle 
becomes important. As nearly as possible, a 50% duty 
cycle should be supplied. 



XTAL1 

This pin is the input to an inverting high gain amplifier. It 
also serves as the input for an off-chip oscillator. Note 
that when using an off-chip oscillator, XTAL2 is discon- 
nected. 



OSCILLATOR CHARACTERISTICS 

The High-Speed Microcontroller was designed to oper- 
ate with a parallel resonant AT cut crystal. The crystal 
should resonate at the desired frequency in its primary 
or fundamental mode. The oscillator employs a high 
gain amplifier to assure a clean waveform at high fre- 
quency. Due to the high performance nature of the prod- 
uct, both clock edges are used for internal timing. There- 
fore, the duty cycle of the clock source is of importance. 
A crystal circuit will balance itself automatically. Thus 
crystal users will not need to take extra precautions con- 
cerning duty cycle. 

CRYSTAL SELECTION 

The High-Speed Microcontroller family was designed 
to operate with fundamental mode crystals for improved 
stability. Although most high speed (i.e. greater than 25 
MHz) crystals operate from their third overtone, funda- 
mental mode crystals are available from most major 
crystal suppliers. Designers are cautioned to ensure 
that high speed crystals being specified for use in their 
application do operate at the rated frequency in their 
fundamental mode. The use of a third overtone crystal 
will typically result in oscillation rates at one-third the 
desired speed. 



CRYSTAL CONNECTION Figure 5-1 



33 pF : 
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CLOCK SOURCE INPUT Figure 5-2 



CLOCK 
OSCILLATOR 



XTAL1 



XTAL2 



HIGH SPEED MICRO 



TO INTERNAL 
CIRCUITS 



INSTRUCTION TIMING 

The clock source, whether crystal or oscillator, supplies 
the internal functions with a precise time base. The 
clock is used to create the basic unit of timing called a 
machine cycle. One machine cycle consists of four 
clocks when operating in divide by 4 mode. The use of 
Power Management modes will cause the device to uti- 
lize 64 or 1 024 external clock cycles per machine cycle. 
Each clock within a machine cycle produces a state 
designated with a C. Thus, within a machine cycle there 
are four states called C1, C2, C3, and C4. Various 
operations take place during each C state. Within this 
section and throughout others, an event timing will be 
identified by its C state. For example, ALE rises at the 
beginning of the C1 time. Since the clock source is the 
source of nearly all timing, the electrical specifications 
are given in terms of clocks. The time of a clock period is 
referred to as t C LCL- 

Most times in the electrical specifications are specified 
as some number of clocks from the edge of a signal. The 
signal edges were also derived from the clock source 
f nd the C states. 

Due to the limited number of edges within a machine 
cycle, selected events must occur between edges. The 
High-Speed Microcontroller employs sophisticated cir- 
cuits to create half and quarter clock events. That is, 
some events occur between clock edges. Such circuits 
assure that events occur as precisely as if a clock edge 
were available. While being generally transparent to the 
user, these circuits result in the use of fractional clocks 
in the electrical specifications. For example, a time may 
be specified as 2.5 t C LCL- 



As mentioned above, a machine cycle is the basic tim- 
ing unit of most functions in the High-Speed Microcon- 
troller. A machine cycle of the High-Speed Microcon- 
troller is the time required to execute a single cycle 
instruction. Almost half the opcodes (126 of 255) of the 
8051 instruction set are implemented in a single 
machine cycle in the High-Speed Microcontroller. The 
remaining instructions require multiple machine cycles. 

The Power Management Modes implemented on some 
devices modify the number of clock cycles needed to 
execute an instruction. Instead of 4 clocks per machine 
cycle, power management mode 1 (PMM1) and power 
management mode 2 (PMM2) utilize 64 and 1024 
clocks per cycle respectively to conserve power. A full 
description of the power management modes and their 
effect on CPU operation is provided in Section 7. 

All instructions are coded within an 8-bit field called an 
opcode. This single byte must be fetched from program 
memory. The opcode is decoded by the CPU. It deter- 
mines what action the microcontroller will take and 
whether more information is needed from memory. If no 
other memory is needed, then only one byte was 
required. Thus the instruction is called a one byte 
instruction. In some cases, more data is needed. These 
will be two or three byte instructions. 

In most cases, the number of memory accesses (bytes) 
needed by an instruction is equal to the number of 
machine cycles. Thus single cycle instructions contain 
one byte, and two cycle instructions have two bytes. 
This is true except for the special cases mentioned 
below. 
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SINGLE CYCLE INSTRUCTIONS 

The standard single cycle instruction timing is shown in 
Figure 5-3. As mentioned above, there are 126 
opcodes that are single cycle instructions. An example 
of a single cycle instruction is as follows: 

DEC A 14h 



TWO CYCLE INSTRUCTIONS 

All two cycle instructions require two cycles because 
they involve two bytes or require two memory accesses. 
The first byte is an opcode that instructs the CPU. This is 
the instruction itself. The second byte is normally an 
operand or it specifies the location of the operand. For 
example, the instruction "ANL A, direct" uses two cycles 
and requires two bytes. Two examples are as follows: 



ANL A, direct 



ANL A, #data 



55h 
a7-0 

54h 
d7-d0 



of the operand in the register map. Since the result is 
stored in an internal register, this operation does not 
require a memory access. The second example is very 
similar. Again, the first byte represents the opcode. In 
this example, the second byte is the operand itself. This 
byte is used directly by the instruction. The timing for a 
two cycle instruction is shown in Figure 5-A. 

One other type of two cycle instruction requires two 
cycles but only includes one byte. This is because the 
second memory access is the result of the instruction. 
These are the MOVX instructions. An example is as fol- 
lows: 

MOVX @DPTR, A FOh 

The second cycle in this instruction is the write to data 
memory at the address pointed to by the data pointer. 
Thus this instruction is a two cycle one byte instruction, 
but requires two memory accesses. The MOVX timing 
is a special case, since the user can control it with the 
Stretch MOVX feature. The timing for the Stretch MOVX 
is discussed in the section on Memory Access. 



Note that in the first example, the first memory access is 
the opcode. The second memory access is the location 



SINGLE CYCLE INSTRUCTION TIMING Figure 5-3 



C1 



CLK 



C2 


C3 


04 















PSEN 



ADC« ) X A7 '°) ^ \ RET " A ) 

DC 



PORT 2 



ADDRESS A15-A8 



> 



'Shaded areas are held in a weak latch on the port until overdriven. 
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TWO CYCLE INSTRUCTION TIMING Figure 5-4 
Example: ANL A, direct : 55h addr7-0 



INSTRUCTION FETCH 
SINGLE CYCLE 



C1 



OPERAND FETCH 
SINGLE CYCLE 



CLK 



ALE 



PSEN 



C2 


C3 


C4 


C1 


C2 


C3 


C4 





























ADO-7 



RETURN DATA 
55h 




"^S V A7-o\ \/~ 
/ A PC^I / A 



RETURN DATA 
OPERAND ADD R 7-0 



ADDRESS A15-A8 



•Shaded areas are held in a weak latch on the port until overdriven. 



THREE CYCLE INSTRUCTIONS 

Three cycle instructions come in two varieties. The first 
requires three memory accesses. These are similar to 
one and two cycle instructions in that the number of 
bytes equals the number of cycles. 

The second variety is a three cycle instruction that sim- 
ply requires 1 2 clocks to perform the function. This may 
have one or two bytes. Examples of both types are 
shown below. 



ANL direct, #data 



SJMP rel 



INC DPTR 



53h (3 bytes) 

a 7 _a 

d7-du 

80h (2 bytes) 
a 7 _ao 

A3h 



(1 byte) 

In the first example, the first memory fetch is the opcode. 
The second is the location of the destination register. 
The third memory fetch is the operand that is used by 
the instruction. This instruction has three memory 
accesses, so it requires three machine cycles. The 
second example has the operand in the first byte and 
the jump location in the second. It requires three cycles 
to actually perform the jump. The third example contains 
simply the opcode, which is one byte. This instruction 
involves the manipulation of a 1 6-bit register so it takes 



longer than 8-bit operations. Figure 5-5 shows the tim- 
ing of all three types of three cycle instructions. 

FOUR CYCLE INSTRUCTIONS 

All four cycle instructions require more time than the 
associated number of bytes. These are all program 
branching instructions that can move program control to 
a new location. The four cycle instructions use either 1 
or 3 bytes as shown in the following examples. Figure 
5-6 shows the timing of both four cycle instructions. 



RET 

CJNE A, #data, addr 



22h 

B4h 

d7-d0 

a7-a0 



FIVE CYCLE INSTRUCTIONS 

There are only two 5 cycle instructions in the High- 
Speed Microcontroller. They are the Multiply (MUL) and 
Divide (DIV). These are shown below. Figure 5-7 
shows the timing of 5 cycle instructions. 



MUL A, B 
DIV A, B 



A4h 
84h 



Note that the five cycle instructions require only one 
byte. They need 5 cycles to accomplish the math func- 
tion. 
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THREE CYCLE INSTRUCTION TIMING Figure 5-5 



Example 2: ANL direct, #data 



C1 



CLK 



INSTRUCTION FETCH 
SINGLE CYCLE 



C2 



53h a7-a0 d7-d0 

OPERAND FETCH 
SINGLE CYCLE 



-dO 




I 04 


C1 



OPERAND FETCH 
SINGLE CYCLE 



ALE 



ADO-7 ) 


V A7-0 \ V RETURN DATA \ 
A PC / A 53h / 


V A7-0 \ V RETURN DATA \ 
/\PC+1 / /\ OPERAND ADDR7-0 / , 


V A7-0 \ Y RETURN DATA 
'\PC+2 / /\ IMMEDIATE D7-D0 




port z D< 


ADDRESS A15-A8 )> )*( 


V \/ 

ADDRESS A15-A8 ) X 


ADDRESS A15-A8 



Example 2: SJMP rel 



C1 



INSTRUCTION FETCH 
SINGLE CYCLE 



C2 



C3 



C4 



C1 



80h a7-a0 

OPERAND FETCH 
SINGLE CYCLE 



C2 



C3 







I 04 


C1 



DUMMY FETCH 
SINGLE CYCLE 



ALE 



ADO-7 



PORT 2 



ADDRESS A15-A8 



Example 3: INC DPTR 



INSTRUCTION FETCH 
SINGLE CYCLE 



C1 



CLK 



ADDRESS A15-A8 



X 



ADDRESS A15-A8 



A3h 

DUMMY FETCH 
SINGLE CYCLE 



C2 



C3 



ADC-7 ^ X A p 7 C-°) X ) 

PORT 2^ 







I C4 


C1 



ADDRESS A15-A8 



DUMMY FETCH 
SINGLE CYCLE 



RETURN DATA 
DUMMY 



HX 



A7-0 
PC+1 



RETURN DATA 
DUMMY 



ADDRESS A15-A8 



ADDRESS A15-A8 



"Shaded areas are held in a weak latch on the port until overdriven. 
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FOUR CYCLE INSTRUCTION TIMING Figure 5-6 

Example 1 : CJNE A, #data, addr B4h d7-d0 a7-a0 



INSTRUCTION FETCH 
SINGLE CYCLE 



OPERAND FETCH 
SINGLE CYCLE 







C4 


C1 



C1 C2 C3 C4 C1 C2 C3 C4 C1 C2 C3 C4 C1 C2 C3 



OPERAND FETCH 
SINGLE CYCLE 



DUMMY FETCH 
SINGLE CYCLE 



C4 




Example 2: RET 



22h 



INSTRUCTION FETCH 
SINGLE CYCLE 



C3 



C4 



C1 



DUMMY FETCH 
SINGLE CYCLE 



C2 



C3 



C4 



C1 



DUMMY FETCH 
SINGLE CYCLE 



C2 







C4 


C1 



DUMMY FETCH 
SINGLE CYCLE 



C2 




FIVE CYCLE INSTRUCTION TIMING Figure 5-7 
Example: MULA.B A4h 



INSTRUCTION FETCH 
SINGLE CYCLE 



C2 C3 C4 



DUMMY FETCH 
SINGLE CYCLE 



C2 C3 C4 



DUMMY FETCH 
SINGLE CYCLE 



CI 



C2 C3 C4 







C4 


C1 



DUMMY FETCH 
SINGLE CYCLE 



C2 C3 C4 



DUMMY FETCH 
SINGLE CYCLE 



C1 C2 C3 C4 



.1 



rirLrLJTrirLrLrLJiJTrLnr^ 



RETURN DATA 



ADDRESS A15-A8 



IX 



ADDRESS A15-A8 



IK 



ADDRESS A16-A8 



ADDRESS A15-A8 



DC 



ADDRESS A15-A8 



"Shaded areas are held in a weak latch on the port until overdriven. 



63 



042595 62/149 



HIGH-SPEED MICROCONTROLLER USER'S GUIDE 



COMPARISON TO THE 8051 

The original 8051 had a 12 clock architecture. A 
machine cycle needed 12 clocks and most instructions 
were either one or two machine cycles. Thus except for 
the MUL and DIV instructions, the 8051 used either 12 
or 24 clocks for each instruction. Furthermore, each 
cycle in the 8051 used two memory fetches. In many 
cases the second fetch was a dummy, and the extra 
clock cycles were wasted. 

The High-Speed Microcontroller uses 4 clocks per 
cycle. Since a cycle is now aligned with a memory fetch 
when possible, most instructions have the same num- 
ber of cycles as bytes. This leads to more "categories" 
than the original 8051 . Where there were primarily one 
and two cycle instructions before, there are now one, 
two, three, and four cycle instructions. Multiply and 
Divide require five cycles. Note however, that regard- 
less of the number of cycles, each instruction is at least 
1 .5 and most are 2 to 3 times faster than its original 
counterpart. Table 5-1 shows each instruction, the 
number of clocks used in the High-Speed Microcontrol- 
ler and the number used in the 8051 for comparison. 
The factor by which the High-Speed Microcontroller 
improves on the 8051 is shown as the Speed Advan- 



tage. A Speed Advantage of 3.0 means that the High- 
Speed Microcontroller performs the same instruction 
three times faster that the 8051 . 

Table 5-2 provides a summary by instruction type. Note 
that many of the instructions provide multiple opcodes. 
As an example, the ADD A, Rn instruction can act on 
one of 8 working registers. There are 8 opcodes for this 
instruction because it can be used on 8 independent 
locations. Table 5-2 shows totals for both number of 
instructions and number of opcodes. Averages are pro- 
vided in the tables. However, the real speed improve- 
ment seen in any system will depend on the instruction 
mix. Programs that use immediate or direct data com- 
bined with the accumulator or working registers will be 
improved the least. These are two cycle, two byte 
instructions. Moderate performance improvement will 
be gained by emphasizing short branches and instruc- 
tions that use only direct and immediate data (no accu- 
mulator or working register). These instructions tend to 
be three cycle instructions. The largest number of 
improvements come from the single cycle instructions 
involving only the accumulator and working registers. 
Also, the two cycle data movement instructions involv- 
ing the working registers are greatly improved. 



INSTRUCTION TIMING COMPARISON Table 5-1 
* High-Speed Microcontroller is abbreviated as HSM. 







HSM 


HSM 


8051 


8051 


HSM vs. 8051 




HEX 


CLOCK 


TIME 


CLOCK 


TIME 


SPEED 


INSTRUCTION 


CODE 


CYCLES 


@ 25 MHz 


CYCLES 


@25 MHz 


ADVANTAGE 


ADD A, Rn 


28..2F 


4 


160ns 


12 


480ns 


3 


ADD A, direct 


25 


8 


320ns 


12 


480ns 


1.5 


ADD A, @Ri 


26.. 27 


4 


160ns 


12 


480ns 


3 


ADD A, #data 


24 


8 


320ns 


12 


480ns 


1.5 


ADDC A, Rn 


38..3F 


4 


160ns 


12 


480ns 


3 


ADDC A, direct 


35 


8 


320ns 


12 


480ns 


1.5 


ADDC A, @Ri 


36..37 


4 


160ns 


12 


480ns 


3 


ADDC A, #data 


34 


8 


320ns 


12 


480ns 


1.5 


SUBB A, Rn 


98..9F 


4 


160ns 


12 


480ns 


3 


SUBB A, direct 


95 


8 


320ns 


12 


480ns 


1.5 


SUBB A, @Ri 


96..97 


4 


160ns 


12 


480ns 


3 


SUBB A, #data 


94 


8 


320ns 


12 


480ns 


1.5 


INC A 


04 


4 


160ns 


12 


480ns 


3 


INC Rn 


08..0F 


4 


160ns 


12 


480ns 


3 


INC direct 


05 


8 


320ns 


12 


480ns 


1.5 


INC @Ri 


06. .07 


4 


160ns 


12 


480ns 


3 


INC DPTR 


A3 


12 


480ns 


24 


960ns 


2 


DEC A 


14 


4 


160ns 


12 


480ns 


3 


DEC Rn 


18.. 1F 


4 


160ns 


12 


480ns 


3 


DEC direct 


15 


8 


320ns 


12 


480ns 


1.5 
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DEC @Ri 


16.. 17 


4 


160ns 


12 


480ns 


3 


MUL AB 


A4 


20 


800ns 


48 


1 .92us 


2.4 


DIV AB 


84 


20 


800ns 


48 


1 ,92us 


2.4 


DA A 


D4 


4 


160ns 


12 


480ns 


3 


ANL A, Rn 


58..5F 


4 


160ns 


12 


480ns 


3 


ANL A, direct 


55 


8 


320ns 


12 


480ns 


1.5 


ANL A, @Ri 


56..57 


4 


160ns 


12 


480ns 


3 


ANL A, #data 


54 


8 


320ns 


12 


480ns 


1.5 


ANL direct, A 


52 


8 


320ns 


12 


480ns 


1.5 


ANL direct, #data 


53 


12 


480ns 


24 


960ns 


2 


ORL A, Rn 


48..4F 


4 


160ns 


12 


480ns 


3 


ORL A, direct 


45 


8 


320ns 


12 


480ns 


1.5 


ORL A, @Ri 


46.. 47 


4 


160ns 


12 


480ns 


3 


ORL A, #data 


44 


8 


320ns 


12 


480ns 


1.5 


ORL direct, A 


42 


8 


320ns 


12 


480ns 


1.5 


ORL direct, #data 


43 


12 


480ns 


24 


960ns 


2 


XRL A, Rn 


68..6F 


4 


160ns 


12 


480ns 


3 


XRL A, direct 


65 


8 


320ns 


12 


480ns 


1.5 


XRL A, @Ri 


66.. 67 


4 


160ns 


12 


480ns 


3 


XRL A, #data 


64 


8 


320ns 


12 


480ns 


1.5 


XRL direct, A 


62 


8 


320ns 


12 


480ns 


1.5 


XRL direct, #data 


63 


12 


480ns 


24 


960ns 


2 


CLR A 


E4 


4 


160ns 


12 


480ns 


3 


CPL A 


F4 


4 


160ns 


12 


480ns 


3 


RLA 


23 


4 


160ns 


12 


480ns 


3 


RLC A 


33 


4 


160ns 


12 


480ns 


3 


RRA 


03 


4 


160ns 


12 


480ns 


3 


RRC A 


13 


4 


160ns 


12 


480ns 


3 


SWAP A 


C4 


4 


160ns 


12 


480ns 


3 


MOV A, Rn 


E8..EF 


4 


160ns 


12 


480ns 


3 


MOV A, direct 


E5 


8 


320ns 


12 


480ns 


1.5 


MOV A, @Ri 


E6..E7 


4 


160ns 


12 


480ns 


3 


MOV A, #data 


74 


8 


320ns 


12 


480ns 


1.5 


MOV Rn, A 


F8..FF 


4 


160ns 


12 


480ns 


3 


MOV Rn, direct 


A8..AF 


8 


320ns 


24 


960ns 


3 


MOV Rn, #data 


78..7F 


8 


320ns 


12 


480ns 


1.5 


MOV direct, A 


F5 


8 


320ns 


12 


480ns 


1.5 


MOV direct, Rn 


88..8F 


8 


320ns 


24 


960ns 


3 


MOV direct, direct 


85 


12 


480ns 


24 


960ns 


2 


MOV direct, @ Ri 


86..87 


8 


320ns 


24 


960ns 


3 


MOV direct, #data 


75 


12 


480ns 


24 


960ns 


2 


MOV @Ri, A 


F6..F7 


4 


160ns 


12 


480ns 


3 


MOV @Ri, direct 


A6..A7 


8 


320ns 


24 


960ns 


3 


MOV @ Ri, #data 


76.. 77 


8 


320ns 


12 


480ns 


1.5 


MOV DPTR, #data16 


90 


12 


480ns 


24 


960ns 


2 


MOVC A, ©A+DPTR 


93 


12 


480ns 


24 


960ns 


2 


MOVC A, @A+PC 


83 


12 


480ns 


24 


960ns 


2 


MOVX A, @Ri 


E2..E3 


8 


320ns 


24 


960ns 


3 


MOVX A, @DPTR 


E0 


8 


320ns 


24 


960ns 


3 


MOVX @Ri, A 


F2..F3 


8 


320ns 


24 


960ns 


3 
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MOVX @DPTR, A 


FO 


8 


320ns 


24 


960ns 


3 


PUSH direct 


CO 


8 


320ns 


24 


960ns 


o 

o 


POP direct 


DO 


8 


320ns 


24 


960ns 


o 
o 


XCH A, Rn 


C8..CF 


4 


160ns 


12 


480ns 


o 
o 


XCH A, direct 


C5 


8 


320ns 


12 


480ns 


1 .5 


XCH A, @Ri 


C6..C7 


4 


160ns 


12 


480ns 


J 


XCHD A, @Ri 


D6..D7 


4 


160ns 


12 


480ns 


a 


CLR C 


C3 


4 


160ns 


12 


480ns 


3 


CLR bit 


C2 


8 


320ns 


12 


480ns 


1 .5 


SETB C 


D3 


4 


160ns 


12 


480ns 


3 


SETB bit 


D2 


8 


320ns 


12 


480ns 


1 .5 


CPL C 


B3 


4 


160ns 


12 


480ns 


3 


CPL bit 


B2 


8 


320ns 


12 


480ns 


1 .5 


ANL C, bit 


82 


8 


320ns 


24 


960ns 


3 


ANL C, /bit 


BO 


8 


320ns 


24 


960ns 


3 


ORL C, bit 


2 


8 


320ns 


24 


960ns 


3 


ORL C, /bit 


AO 


8 


320ns 


24 


960ns 


3 


MOV C, bit 


A2 


8 


320ns 


12 


480ns 


1.5 


MOV bit, C 


92 


8 


320ns 


24 


960ns 


3 


ACALL addr11 


Hex code 












Hex codes=11,31,51,71, 


Byte 1 


12 


480ns 


24 


960ns 


2 


91, B1, D1, or F1 














LCALL addr16 


12 


16 


640ns 


24 


960ns 


1.5 


RET 


22 


16 


640ns 


24 


960ns 


1.5 


RETI 


32 


16 


640ns 


24 


960ns 


1.5 


AJMPaddr11 


Hex code 












Hex code=01,21,41,61, 


Byte 1 


12 


480ns 


24 


960ns 


2 


81, A1, C1, or E1 














LJMP addr 16 


2 


16 


480ns 


24 


960ns 


1.5 


JMP ©A+DPTR 


73 


12 


480ns 


24 


960ns 


2 


SJMP rel 


80 


12 


480ns 


24 


960ns 


2 


JZ rel 


60 


12 


480ns 


24 


960ns 


2 


JNZ rel 


70 


12 


480ns 


24 


960ns 


2 


JC rel 


40 


12 


480ns 


24 


960ns 


2 


JNC rel 


50 


12 


480ns 


24 


960ns 


2 


JB bit, rel 


20 


16 


640ns 


24 


960ns 


1.5 


JNB bit, rel 


30 


16 


640ns 


24 


960ns 


1.5 


JBC bit, rel 


10 


16 


640ns 


24 


960ns 


1.5 


CJNE A, direct, rel 


B5 


16 


640ns 


24 


960ns 


1.5 


CJNE A, #data, rel 


B4 


16 


640ns 


24 


960ns 


1.5 


CJNE Rn, #data, rel 


B8..BF 


16 


640ns 


24 


960ns 


1.5 


CJNE @Ri, #data, rel 


B6..B7 


16 


640ns 


24 


960ns 


1.5 


DJNZ Rn, rel 


D8..DF 


12 


480ns 


24 


960ns 


2 


DJNZ direct, rel 


D5 


16 


640ns 


24 


960ns 


1.5 


NOP 


00 


4 


160ns 


12 


480ns 


3 
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INSTRUCTION SPEED SUMMARY Table 5-2 

SPEED 

INSTRUCTION CATEGORY QUANTITY ADVANTAGE 



Total Instructions: 


One Cycle One Byte 


37 


3.0 


Total Instructions: 


Two Cycle One Byte 


4 


3.0 


Total Instructions: 


Two Cycle Two Bytes X1 .5 


27 


1.5 


Total Instructions: 


Two cycle Two Bytes X3.0 


11 


3.0 


Total Instructions: 


Three Cycle One Byte 


4 


2.0 


Total Instructions: 


Three Cycle Two Bytes 


8 


2.0 


Total Instructions: 


Three Cycle Three Bytes 


7 


2.0 


Total Instructions: 


Four Cycle One Byte 


2 


1.5 


Total Instructions: 


Four Cycle Three Bytes 


9 


1.5 


Total Instructions: 


Five Cycle One Byte 


2 


2.4 


Average Across all Instructions 


111 


2.3 


Total Opcodes: 


One Cycle One Byte 


126 


3.0 


Total Opcodes: 


Two Cycle One Byte 


6 


3.0 


Total Opcodes: 


Two Cycle Two Bytes X1 .5 


35 


1.5 


Total Opcodes: 


Two Cycle Two Bytes X3.0 


27 


3.0 


Total Opcodes: 


Three Cycle One Byte 


4 


2.0 


Total Opcodes: 


Three Cycle Two Bytes 


29 


2.0 


Total Opcodes: 


Three Cycle Three Bytes 


7 


2.0 


Total Opcodes: 


Four Cycle One Byte 


2 - 


1.5 


Total Opcodes: 


Four Cycle Three Bytes 


17 


1.5 


Total Opcodes: 


Five Cycle One Byte 


2 


2.4 


Average Across all Instructions 


255 


2.5 
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SECTION 6: MEMORY ACCESS 

The High-Speed Microcontroller follows the memory 
interface convention established for the industry stan- 
dard 80C51/80C31 . Products in the family may vary, so 
refer to the specific product data sheet for any potential 
differences. Like the 8051 series, the High-Speed Mi- 
crocontroller uses two memory segments. These are 
program memory and data memory. Program memory 
is read-only and is usually implemented in ROM or 
EPROM. Data memory is read/write and is commonly 
implemented in SRAM. 

Memory areas can be implemented as either on-chip, 
off-chip, or a combination. When using devices without 
internal program memory, or if the maximum address of 
on-chip program or data memory is exceeded, the de- 
vice will perform an external memory access using the 
Expanded memory bus on ports and 2. While serving 
as a memory bus, port and port 2 do not function as I/O 
ports, following the standard 8051 convention of ad- 
dressing external memory. The PSEN signal will go ac- 
tive low to serve as a chip enable or output enable when 
performing a code fetch from external memory. Prod- 
ucts with no on-chip program memory such as the 
DS80C320 will always use the Expanded bus. These 
devices have no Port latch since the port is dedicated 
for memory operations. Devices which incorporate on- 
chip MOVX data memory operate in a similar fashion, 
except that the RD and WR signals serve as chip en- 
ables when accessing an external SRAM. 

Program execution begins at address OOOOh. This is the 
reset vector. Any reset will cause the next program fetch 
to begin at this location. Subsequent branches and 
interrupts determine how the memory fetch deviates 
from sequential addressing. Since all programs begin at 
OOOOh, this will be the beginning address of all program 
execution. If on-chip program memory is present, pro- 
gram execution will begin at internal location OOOOh, 
otherwise external program memory will be used. 

INTERNAL PROGRAM MEMORY 

Some members of the High-Speed Microcontroller 
family incorporate internal EPROM or ROM for program 
storage. On-chip program memory begins at address 
OOOOh and is contiguous through the amount of on-chip 
memory. Exceeding the maximum address of on-chip 
memory will cause the device to perform an external 
memory access using the Expanded memory bus on 
ports and 2. For example, if the on-chip program 
memory is 1 6KB, then it lies between OOOOh and 3FFFh 



in a contiguous area. Thus a fetch at program memory 
location 4000h would be directed to the Expanded bus. 
Restricting memory operations within the on-chip 
memory allows ports and 2 to be used for general pur- 
pose I/O. For more information concerning memory size 
for a specific device, consult the corresponding data 
sheet. 

The High-Speed Microcontroller family was designed 
to be compatible with industry standard 87C51 FB pro- 
gramming tools. A number of third-party device pro- 
grammers are available which support Dallas Semicon- 
ductor products. In addition, Dallas Semiconductor 
manufactures the DS87000 Microcontroller Program- 
mer, specifically designed for programming EPROM- 
based members of the High-Speed Microcontroller 
family. 

INTERNAL DATA MEMORY 

Some members of the High-Speed Microcontroller 
family incorporate internal SRAM for additional data 
storage. This memory is addressed via MOVX com- 
mands, and is in addition to the 256 bytes of scratchpad 
memory. On-chip data memory begins at address 
OOOOh and is contiguous through the amount of on-chip 
memory. Exceeding the maximum address of on-chip 
memory will cause the device to perform an external 
memory access using the Expanded memory bus on 
ports and 2. For example, if the on-chip program 
memory is 1 KB, then it lies between OOOOh and 03FFh in 
a contiguous area. Thus a MOVX instruction affecting 
memory location 0400h would be directed to the 
Expanded bus. 

Another advantage of internal data memory is that it 
guarantees a 2 machine cycle data memory access. 
This data can be made nonvolatile on the DS87C530 
through the use of an external battery. Restricting 
memory operations within the on-chip memory allows 
ports and 2 to be used for general purpose I/O. For 
more information concerning memory size for a specific 
device, consult the corresponding data sheet. 

Upon a power-on reset, the internal data memory area 
is disabled and transparent to the system map. Any 
memory access between OOOOh and FFFFh will be di- 
rected to the Expanded bus. This allows the device to 
remain drop-in compatible with existing 87C52 de- 
signs. To enable the internal SRAM area, software must 
configure the Data Memory Enable bits DME1, DMEO 
(PMR.1-0). The three memory configurations shown in 
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Table 6-1 are supported to allow either external data 
memory access via the expanded bus, internal data 
memory access, or read-only access to the EPROM 



System Control Byte. Note that these bits are cleared at- 
ter a reset, so access to the internal data memory is pro- 
hibited until these bits are modified. 



DATA MEMORY ACCESS CONTROL Table 6-1 



DME1 


DMEO 


DATA MEMORY ADDRESS RANGE 


DATA MEMORY LOCATION 








OOOOh-FFFFh 


External Data Memory (default) 





1 


0000h-03FFh 
0400h-FFFFh 


Internal Data Memory 
External Data Memory 


1 





Reserved 


Reserved 


1 


1 


0000h-O3FFh 
0400h-FFFBh 
FFFCh 

FFFDh-FFFFh 


Internal Data Memory 
Reserved 

System Control Byte (Read only) 
Reserved 



ROMSIZE FEATURE 

Members of the High-Speed Microcontroller family 
which incorporate internal program memory allow the 
system to dynamically vary the on-chip memory size. 
This permits the device to reconfigure the upper limit of 
on-chip memory, allowing a portion of the memory to be 
mapped off-chip. The size of on-chip memory can vary 
from OKB to the full range of memory, allowing the de- 
vice to behave like a device with less on-chip memory. 

This feature has two primary uses. In the first instance, it 
allows the device to act as a bootstrap loader for a Flash 
memory or nonvolatile SRAM (NVSRAM). The internal 
program memory can contain a bootstrap loader, which 
can program the external memory device. Secondly, 
this method can be used to increase the amount of avail- 
able program memory from 64KB to 80KB without 
bank-switching. 

The maximum amount of on-chip memory is selected 
by configuring the ROM Size Select register bits RMS2, 
RMS1 , RMSO (ROMSIZE.2-0). The modification of the 
ROMSIZE register must be followed by a 2 machine 
cycle delay, such as executing two NOP instructions, 
before jumping to the new address range. Interrupts 
must be disabled during this operation, because a jump 
to the interrupt vector during the changing of the 
memory map can cause erratic results. In addition, 
modification of the ROMSIZE register must be done 
from a location that will be valid both before and after the 
on-chip memory configuration. If off-chip memory ac- 
cess is planned, it is recommended that ports and 2 
not be used as general purpose I/O, as their state will be 
disturbed by the memory operations. The settings for 



the ROM Size Select register are shown in Table 6-2. 
Note that the memory configurations shown are not 
available on all devices. 



ROMSIZE REGISTER SETTINGS Table 6-2 



RMS2 


RMS1 


RMSO 


Max. On-chip ROM 











OKB 








1 


1KB 





1 





2KB 





1 


1 


4KB 


1 








8KB 


1 





1 


16KB 


1 


1 





32KB 


1 


1 


1 


64KB 



After reset, a device with internal program memory will 
reset the ROMSIZE bits to their default setting. This will 
be the maximum amount of on-chip memory for that de- 
vice. The procedure to reconfigure the amount of on- 
chip memory is as follows: 

1 . Jump to a location in program memory that will be 
unaffected by the change, 

2. Disable interrupts by clearing the EA bit (IE. 7), 

3. Write AAh to the Timed Access Register (TA;C7h), 

4. Write 55h to the Timed Access Register (TA;C7h), 

5. Modify the ROM Size Select bits (RMS2-RMS0), 
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6. Delay 2 machine cycles (2 NOP instructions), 

7. Enable interrupts by setting the EA bit (IE.7). 

If the 0KB of internal program memory setting is se- 
lected, extra precautions must be taken. In this case, it 
will be necessary to duplicate the interrupt vector table 
in external program memory. This is because the inter- 
rupt vector table is located in the lower 1 KB of memory, 
and the device will automatically redirect any fetches 
from the interrupt vector table to external memory. Care 
must be exercised when assembling or compiling the 
program so that all the modules are located at the cor- 
rect starting address, including the interrupt vector 
table. 

PROGRAM MEMORY INTERCONNECT 

The program memory interconnect scheme for the 
High-Speed Microcontroller family is shown in Figure 
6-1 . This example uses the DS80C320 and one 32K x 8 
EPROM. The Program Store Enable (PSEN) signal is 
used to provide an output enable to the EPROM. It can 
also be used to provide a chip enable, but this produces 
less favorable timing. The address LSB and data are 
multiplexed on port 0, and the address MSB is provided 
on port 2. An external latch, shown in the diagram as a 
74F373, is used to latch the lower byte of the address to 
the memory device. The Address Latch Enable (ALE) 
signal controls the timing of the latch so that the opera- 
tion is performed in the proper sequence. The signals 
and relative timing for a program access are shown in 
Figure 6-2. 

When implementing a high speed memory interface, the 
F series (or faster) logic should be used. HC logic will 
have worst case propagation delays that are too long. 
Specifications for all devices should be checked. More 
information on memory interface timing can be found in 
Application Note 57, DS80C320 Memory Interface Tim- 
ing, and Application Note 85, High Speed Microcontrol- 
ler Interface Timing. 

The first product in the family, the DS80C320, provides 
an extremely high speed interface to external ROM or 
EPROM. This assures that the user can use the slow- 



est, and least expensive, memory device for a given 
crystal speed. The DS80C320 provides very fast slew 
rates, but controls ringing and overshoot. Fast slew 
rates allow the maximum possible time for memory 
access. In most cases, however, these aspects will be 
transparent to the user. Refer to the electrical specifica- 
tions for exact timing of each product. 

DATA MEMORY INTERCONNECT 

As described in Section 4, the High-Speed Microcon- 
troller provides a small amount of RAM mapped as reg- 
isters for on-chip direct access. This is not considered 
data memory and does not fall into the memory map. 
Systems that require more RAM or memory mapped 
peripherals must use the data memory area. This seg- 
ment is a 64KB space located between OOOOh and 
FFFFh. It is reached using the MOVX instruction. Any 
use of this instruction automatically accesses the data 
area. Although, the original 8051 convention placed all 
data memory off-chip, many members of the High- 
Speed Microcontroller family contain some data 
memory on-chip. 

From a software standpoint, the physical location of the 
data area is not relevant because the same instructions 
are used. Like the program segment, if software 
accesses a data address that is above the on-chip data 
area, this access will automatically be routed to the 
Expanded bus. Thus data or peripherals that are off- 
chip can be used in conjunction with on-chip memory by 
selecting addresses that do not overlap. As an example, 
if the microcontroller has 1 KB of on-chip data memory, 
then a MOVX instruction at location 0400h will be 
directed off-chip via the Expanded bus. 

The physical connection of off-chip data memory is 
shown in Figure 6-3. This illustrates a DS80C320 with 
interfaced with an 8K SRAM. The data memory map 
begins at address OOOOh since the DS80C320 has no 
on-chip data memory. A similar interconnection 
scheme would be implemented if a device with internal 
data memory, such as the DS87C520 would be used. 
Note that any external memory that overlapped the 
range of on-chip data memory would not be used. 
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PROGRAM MEMORY INTERFACE Figure 6-1 




DS80C320 



CK 



74F373 
LATCH 



PORT 2 



OE 



LSB ADDRESS (8) 



DATA BUS (8) 



MSB ADDRESS (7) 



27C256 
32KX8 
EPROM 



CE 



PROGRAM MEMORY SIGNALS Figure 6-2 



SINGLE CYCLE 
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DATA 



DOC 



PORT 2 



XTAL1 
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DATA MEMORY INTERFACE Figure 6-3 
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DATA MEMORY ACCESS 

As mentioned above, the High-Speed Microcontroller 
uses the MOVX instruction for data memory access. 
This includes off-chip RAM and memory mapped 
peripherals needing read/write access. Several aspects 
of the MOVX operation have been enhanced as 
compared to the original 8051 . The principal improve- 
ments are in the areas of the MOVX timing and the Data 
Pointer. 

The MOVX instruction is used to generate read/write 
access to off-chip address locations. It has several 
addressing modes. The MOVX can be used to reach a 
256 byte block by using the MOVX @ Ri command. This 
instruction uses the value in the designated working 
register to address one of 256 locations. The upper byte 
of the address is supplied by the value in the Port 2 latch. 
A second way to access data is the Data Pointer 
(DPTR). This 16-bit register provides an absolute 
address for data memory access. 1 6— bits cover the 
entire 64KB area. Thus the DPTR serves as a pointer to 
memory. Using the DPTR, the relevant instruction is 
MOVX ©DPTR. 

The original 8051 contained one DPTR. While this pro- 
vides access to the entire memory area, it is difficult to 
move data from one address to another. The High- 
Speed Microcontroller provides two Data Pointers. 
Thus software can load both a source and a destination 
address. The MOVX instruction will use the active 
pointer to direct the off-chip address. The active pointer 
is selected by the Data Pointer Select (DPS). 

The Data Pointers are called DPTRO and DPTR1. 
DPTRO is located at SFR addresses 82h and 83h. 
These are the locations used by the original 8051. No 
modification of standard code is needed to use DPTRO. 
The new DPTR is located at SFR 84h and 85h. The Data 
Pointer Select bit (DPS) chooses the active pointer and 
is located at the LSb of the SFR location 86h. No other 



bits in register 86h have any effect and are set to 0. 
When DPS is set to 0, the DPTRO is active. When set to 
1, DPTR1 is used. 

The user switches between data pointers by toggling 
the DPS bit (LSb of register 86h). The INC instruction is 
the fastest way to accomplish this. All DPTR-related 
instructions use the currently selected DPTR for any 
activity. Therefore only one instruction is required to 
switch from a source to a destination address. Using the 
Dual Data Pointer saves code from needing to save 
source and destination addresses when doing a block 
move. Once loaded , the software simply switches 
between DPTRO and DPTR1 . Sample code listed below 
illustrates the saving from using the dual DPTR. The 
relevant register locations are summarized as follows. 



DPL 


82h 


Low byte original DPTR 


DPH 


83h 


High byte original DPTR 


DPL1 


84h 


Low byte new DPTR 


DPH1 


85h 


High byte new DPTR 


DPS 


86h 


DPTR Select (LSb) 



The example program listed below was original code 
written for an 8051 and requires a total of 1 869 machine 
cycles on the DS80C320. This takes 299 us to execute 
at 25 MHz. The new code using the Dual DPTR requires 
only 1097 machine cycles taking 175.5 us. The Dual 
DPTR saves 772 machine cycles or 123.5 us for a 64 
byte block move. Since each pass through the loop 
saves 12 machine cycles when compared to the single 
DPTR approach, larger blocks gain more efficiency 
using this feature. 

A typical application of the Dual Data Pointer is moving 
data from an external RAM to a memory mapped dis- 
play. Another application would be to retrieve data from 
a stored table, process it using a software algorithm, 
then store the result in a new table. 
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64 BYTE BLOCK MOVE WITH DUAL DATA POINTER 



SH and SL are high and low byte source address . 

DH and DL are high and low byte of destination address. 

DPS is the data pointer select. Reset condition is DPS=0, 



DPS 
MOV 
MOV 
INC 
MOV 



EQU 86h 
R5, #64 
DPTR, #DHDL 
DPS 

DPTR, #SHSL 



TELL ASSEMBLER ABOUT DPS 
NUMBER OF BYTES TO MOVE 
LOAD DESTINATION ADDRESS 
CHANGE ACTIVE DPTR 
LOAD SOURCE ADDRESS 



DPTRO 



is 
# 

2 
3 
2 
2 



selected. 
CYCLES 



MOVE: 

; THIS LOOP IS PERFORMED THE NUMBER OF TIMES LOADED INTO R5 , IN THIS EXAMPLE 64 



MOVX 

INC 

MOVX 

INC 

INC 

INC 

DJNZ 



A, @DPTR 
DPS 

@DPTR, A 
DPTR 
DPS 
DPTR 
R5, MOVE 



READ SOURCE DATA BYTE 2 

CHANGE DPTR TO DESTINATION 2 

WRITE DATA TO DESTINATION 2 

NEXT DESTINATION ADDRESS 3 

CHANGE DATA POINTER TO SOURCE 2 

NEXT SOURCE ADDRESS 3 

FINISHED WITH TABLE? 3 



64 BYTE BLOCK MOVE WITHOUT DUAL DATA POINTER 



SH and SL are high and low byte source address . 

DH and DL are high and low byte of destination address. 



NUMBER OF BYTES TO MOVE 
LOAD SOURCE ADDRESS 
SAVE LOW BYTE OF SOURCE 
SAVE HIGH BYTE OF SOURCE 
SAVE LOW BYTE OF DESTINATION 
SAVE HIGH BYTE OF DESTINATION 



MOV 


R5, #64d 


MOV 


DPTR, #SHSL 


MOV 


Rl, #SL 


MOV 


R2, #SH 


MOV 


R3 , #DL 


MOV 


R4 , #DH 



CYCLES 



MOVE: 

; THIS LOOP IS PERFORMED THE NUMBER OF TIMES LOADED INTO R5 , IN THIS EXAMPLE 64 



MOVX 


A, SDPTR 


READ SOURCE DATA BYTE 


2 


MOV 


Rl, DPL 


SAVE NEW SOURCE POINTER 


2 


MOV 


R2 , DPH 


2 


MOV 


DPL , R3 


LOAD NEW DESTINATION 


2 


MOV 


DPH, R4 




2 


MOVX 


SDPTR, A 


WRITE DATA TO DESTINATION 


2 


INC 


DPTR 


NEXT DESTINATION ADDRESS 


3 


MOV 


R3 , DPL 


SAVE NEW DESTINATION POINTER 


2 


MOV 


R4 , DPH 




2 


MOV 


DPL, Rl 


GET NEW SOURCE POINTER 


2 


MOV 


DPH , R2 




2 


INC 


DPTR 


NEXT SOURCE ADDRESS 


3 


DJNZ 


R5, MOVE 


FINISHED WITH TABLE? 


3 
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DATA MEMORY TIMING 

Data memory timing refers to the execution of the 
MOVX instruction. This instruction includes a program 
fetch memory access, then a read or write memory 
access. The program fetch for a MOVX instruction is no 
different from any other instruction. The unique timing 
occurs for the second memory operation when data is 

clCC6SS6d . 

As described in Section 5, the High-Speed Microcon- 
troller uses four oscillator clocks for each machine 
cycle. A machine cycle involves one memory access. 
Generally, an instruction using two memory accesses 
would be a two machine cycle instruction (except for 
branches, MUL, DIV, INC DPTR, MOVC, and MOVX). 
The MOVX instruction is unique in that the user deter- 
mines the time allowed for a data memory access. This 
feature is called the Stretch MOVX instruction. 

The High-Speed Microcontroller allows the application 
software to adjust the speed of data memory access. 
The microcontroller is capable of performing the MOVX 
in as little as two machine cycles. Since one machine 
cycle is used for the program fetch, this leaves one 
machine cycle to perform the actual data memory 
access. However, this value can be adjusted as needed 
so that both fast memory and slow memory or peripher- 
als can be accessed with no glue logic. Even in high- 
speed systems, it may not be necessary to perform data 
memory access at full speed. In addition, there are a 
variety of slower memory mapped peripherals such as 
LCD displays or UARTs. 

When using a MOVX instruction, the user controls the 
time for which a read or write strobe is kept active. Setup 
and hold times are also adjusted. Thus the Stretch value 
will be selected to provide a long enough memory strobe 
to satisfy the access time of the target device. 

The Stretch MOVX is controlled by a value in a special 
function register described below. This allows the user 
to select a stretch value between zero and seven. A 
Stretch of zero will result in a two machine cycle MOVX. 
This leaves one machine cycle to actually read or write 
data. A Stretch of seven will result in a MOVX of nine 
cycles. The time is added to the middle of the memory 
strobe, creating a very long read or write cycle. The 



Stretch value can be changed dynamically under soft- 
ware control depending on the type of memory or 
peripheral to be accessed. 

On reset, the Stretch value will default to a one, resulting 
in a three cycle MOVX. Therefore, data memory access 
will not be performed at full speed. This is a convenience 
to existing designs that may not have fast RAM in place. 
When maximum speed is desired, the software should 
select a Stretch value of zero. Note that faster RAMs will 
be needed. When using very slow RAM or peripherals, a 
larger stretch value can be selected. Note that this 
affects data memory only and the only way to slow pro- 
gram memory (ROM) access is to use a slower crystal. 

Using a Stretch value between one and seven results in 
a wider read/write strobe allowing more time for 
memory/peripherals to respond. The microcontroller 
stretches the read/write strobe and all related timing. 
The full speed access is shown in Figure 6-4. Note that 
this is not the reset default case. A three cycle MOVX is 
shown in Figure 6-5A. This is the reset default condi- 
tion. To modify the MOVX timing, the Stretch value in the 
Clock Control register described below must be 
changed. Figure 6-5B shows the timing for a four cycle 
MOVX (Stretch=2). 

Table 6-1 below shows the resulting strobe widths for 
each Stretch value. The memory stretch is implemented 
using the Clock Control Special Function Register at 
SFR location 8Eh. The stretch value is selected using 
bits CKCON.2-0. In the table, these bits are referred to 
as M2 through MO. Note that the Stretch time can be 
dynamically varied, allowing fast RAMs but slow periph- 
erals. The first stretch allows the use of common 1 20 ns 
or 150 ns RAMs without dramatically lengthening the 
memory access. 

Note that the first Stretch value does not follow the pat- 
tern of adding four clocks to the strobe. This is because 
the first Stretch uses one clock to create additional 
set-up and one clock to create additional hold time. 
Systems using a Stretch cycle of zero are presumed to 
be fast enough or to be running at a slower clock speed. 
Since the Stretch is based on crystal timing, the result- 
ing pulse widths must be viewed on the basis of the real 
system timing. 
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DATA MEMORY CYCLE STRETCH VALUES Table 6-1 



CKCON.2-0 


MEMORY 
CYCLES 


RD OR WR STROBE WIDTH 


M2 


M1 


MO 


IN CLOCKS 


t @ 25 MHz 


t @ 12 MHz 











2 


2 


80 ns 


167 ns 








1 


3 (default) 


4 


160 ns 


333 ns 





1 





4 


8 


320 ns 


667 ns 





1 


1 


5 


12 


480 ns 


1000 ns 










6 


16 


640 ns 


1 333 ns 







1 


7 


20 


800 ns 


1667 ns 




1 





8 


24 


960 ns 


2000 ns 




1 


1 


9 


28 


1120 ns 


2333 ns 



Note 



These numbers represent nominal values. Actual timing may vary slightly. 



FULL SPEED MOVX INSTRUCTION Figure 6-4 



First Second 

Machine »| a Machine 

Cycle Cycle 

MOVX Instruction 



Next 
Instruction 
Machine Cycle 



CLK 



| C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | 

rLriTLTiTLiLrLJiJirLrLrLjirLrLm 




PORTO 



D0-D7 



PORT 2 



DC 



I 



MOVX 

Data MOVX Data 
Next Address 
Instruction 



Read 



A8-A15 



I 



I 



A8-A15 



DATA MEMORY WRITE (2 CYCLE, STRETCH=0) 
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THREE CYCLE MOVX INSTRUCTION Figure 6-5a 



Next 
Instruction 
Machine Cycle 



MOVX Instruction 



CLK 



ALE 



| C1 | C2 | C3 | C4 | CI j C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | 



PSEN 





D0-D7 ) ( A0-A7, 



MOVX 
Instruction 

Address MOVX 
Instruction 




Next Instr. 
Address 



PORT 2 



DC 



A8-A15 



I 



D0-D7 I 1 A0-A7) 




Next 
Instruction 
Read 



MOVX 
Data 
Address 



A8-A15 



D0-D7 



MOVX Data 



A8-A15 



I 



A8-A15 



THREE CYCLE DATA MEMRORY WRITE (RESET DEFAULT) 
STRETCH VALUE=1 
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FOUR CYCLE MOVX INSTRUCTION Figure 6-5b 



Last Cycle 
of Previous 
Instruction 



First 
Machine 
Cycle 



Second 
Machine 
Cycle 



Third 
Machine . 
Cycle 



MOVX Instruction 



Fourth Next 

Machine Instruction . 

Cycle Machine 

^ t Cycle 



| C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | 

a- ruumj^mjLRTiJijmjLrLriJiJiJiJijinru^ 




AD0-AD7 



PORT 2 



MOVX 
Instruction 
Address M0VX 
Instruction 



Next Instr. 
Address 



MOVX 
Data 
Next Address 
Instruction 
Read 



A8-A15 



A8-A15 



MOVX Data 



A8-A15 



| | A0-A7j 1 D0-D7 



A8-A15 



FOUR CYCLE DATA MEMORY WRITE 
STRETCH VALUE=2 
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SECTION 7: POWER MANAGEMENT 

The High-Speed Microcontroller has several features 
that relate to power consumption and management. 
They provide a combination of controlled operation in 
unreliable power applications and reduced power con- 
sumption in portable or battery powered applications. 
The range of features is shown below with details to fol- 
low. 

POWER MANAGEMENT 

EARLY WARNING POWER FAIL INTERRUPT 

POWER FAIL/POWER ON RESET 

BAND-GAP SELECT 

WATCHDOG WAKE UP FROM IDLE 

POWER SAVING 
IDLE MODE 
STOP MODE 

RING WAKE UP FROM STOP 
POWER MANAGEMENT MODES 

PRECISION VOLTAGE MONITOR 

The High-Speed Microcontroller uses a precision 
band-gap reference and other analog circuits to moni- 
tor the state of the power supply during power-up and 
power-down transitions. Other microcontroller systems 
would require external circuits to perform these func- 
tions. The band-gap reference provides a precise volt- 
age to compare with V cc . When V cc begins to drop, the 
Power Monitor compares it to its reference. This 
enables the analog circuits to detect when Vcc passes 
through predetermined thresholds, V PFW and V RST . 
These are specified in the individual product data 
sheets. 

EARLY WARNING POWER FAIL INTERRUPT 

Devices which incorporate the precision voltage refer- 
ence have the ability to generate a power-fail interrupt 
and/or reset in response to a low supply voltage. When 
Vcc reaches the Vpp w threshold, the microcontroller 
can generate an power-fail Interrupt. This early warning 
of supply voltage failure allows the system time to save 
critical parameters in nonvolatile memory and put exter- 
nal functions in a safe state. 

The power-fail interrupt is optional and is enabled using 
the Enable Power Fail Warning Interrupt (EPFI) bit at 
WDCON.5. If enabled, Vcc dropping below Vppw wil1 
cause the device to vector to address 33h. The Power- 
fail Interrupt status bit ,PFI (WDCON.4), will be set any 



time V C c transitions below Vp FW - This flag is not cleared 
when Vcc is above Vppw, and software should clear it 
immediately after reading it. As long as the condition 
exists, PFI will be immediately set again by hardware. 

A typical application of the PFI is to place the device into 
a "safe mode" when a power loss appears imminent. 
When the interrupt occurs, the code vectors to location 
33h. At this time, software can disable the interrupt, 
save any critical data, clear PFI, then continually poll the 
status of the power supply via the PFI flag. As long as 
PFI is set, power is still below Vppw. If power returns to 
the proper level, PFI will not be set once cleared by soft- 
ware. This indicates a safe operating condition. If power 
continues to fall, a power-fail reset will be invoked auto- 
matically. 

POWER-FAIL RESET 

Devices which incorporate the power-fail reset will 
automatically invoke a reset when Vcc drops below 
Vrst- This wil1 halt device operation, and place all out- 
puts in their reset state. This state will continue to be 
held until Vcc drops below the voltage necessary to 
power the port pins. Because Vrst is lower than Vppw, 
the microcontroller has the option to use the power-fail 
interrupt to place the device into a "safe" state before the 
device halts operation with a power-fail reset. This fea- 
ture is automatic on devices which incorporate the pow- 
er-fail reset feature, and cannot be disabled. 

POWER ON RESET 

When Vcc is applied to a system using the High-Speed 
Microcontroller, the device will hold itself in reset until 
power is within tolerance and stable. An internal band- 
gap reference provides a highly accurate and stable 
means of detecting power supply levels. It requires no 
external circuits to accomplish this. As power rises, the 
processor will stay in a reset state until Vcc > Vrst- As 
Vcc rises above Vrs T , internal analog circuits will detect 
this and activate the on-chip crystal oscillator. On-chip 
hardware will then count 65536 oscillator clocks. During 
this count, V C c must remain above V RS t or the process 
restarts. If an off-chip clock source is used, then clock 
counting still begins once V C c > Vrst This count period 
is used to make certain that power is within tolerance, 
and that the oscillator has time to stabilize. This pro- 
vides a very controlled and predictable start-up condi- 
tion. 
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Once the 65536 count period has elapsed, the reset 
condition is removed automatically, and software 
execution will begin at the reset vector location of 
OOOOh. Software will be able to detect the power on 
reset condition using the Power-On Reset (POR) flag. 
POR is located at WDCON.6. This bit will be high to indi- 
cate that a Power-on Reset has occurred. It should then 
be cleared by software. 

The complete power cycle operation is shown in Figure 
7-1 . Note that the interrupt threshold is fixed, but the 
interrupt itself is optional. Reset thresholds are also 
fixed and the reset operation is transparent. It requires 
no external components and no action by software to 
control reset operation. 

BAND-GAP SELECT 

When present, the band-gap reference will provide a 
precise voltage reference for the power-fail monitor cir- 
cuitry. The band-gap is normally disabled automatically 

POWER CYCLE OPERATION Figure 7-1 



v ss 




INTERRUPT 
SERVICE ROUTINE 



XTAL1 




INTERNAL RESET 



upon entering Stop mode to provide the lowest power 
state. Since the band-gap is inactive, there can be no 
power-fail interrupt and no power-fail reset, similar to a 
traditional 8051 . 

If the use of the power-fail features are desired in Stop 
mode, the BGS bit (EXIF, 91 h) may be used. When set 
to a logic 1 by software, the band-gap reference and 
associated power monitor circuits will remain active in 
Stop mode. The price of this feature is higher power 
supply current requirements. In Stop mode with the 
band-gap reference disabled (default), the processor 
draws approximately 1 uA. With the band-gap enabled, 
it draws approximately 50 uA. 

BGS allows the user to decide whether the control cir- 
cuitry and its associated power consumption are 
needed. If the application is such that power will not fail 
while in Stop or if it does not matter that power fails, the 
BGS should be set to (default). If power can fail at any 
time and cause problems, the BGS should be set to 1 . 
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WATCHDOG WAKE UP 

The Watchdog Wake up is more of an application than a 
feature. It allows a system to enter the Idle mode for 
power savings, then to wake up periodically to sample 
the external world. Idle mode is a low power state 
described below. Any of the programmable timers can 
perform this function, but the Watchdog allows a much 
longer period to be selected. At 12 MHz, the maximum 
Watchdog time-out is over 5.5 seconds. This contrasts 
with 0.78 seconds using the 1 6-bit timers. Software that 
uses the Watchdog as a wake up alarm should only 
enable the Watchdog Interrupt and not the Reset. Note 
that the Watchdog cannot be used to wake the system 
while in Stop mode since no clocks are running. Stop 
mode is described below. 

POWER MANAGEMENT SUMMARY 

The following is a summary of the power management 
bits and those that are useful or related. They are con- 
tained in the register locations WDCON;D8h, EIE;E8h, 
EXIF;91h,and PCON; 87h. 

WDCON.6 POR - Power on Reset. Hardware will set 
this bit on a power up condition. Software can read it, but 
must clear it manually. This bit assists software in deter- 
mining the cause of a reset. 

WDCON.5 EPFI - Enable Power-fail Interrupt. Set- 
ting this bit to 1 enables the Power-fail interrupt. This will 
occur when V C c drops to approximately 4.5 volts, and 
the processor vectors to location 33h. Setting this bit to a 
turns off the Power-fail Interrupt. 

WDCON.4 PFI - Power Fail Interrupt Flag. Hardware 
will set this bit to a 1 when a Power-fail condition occurs. 
Software must clear the bit manually. Writing a 1 to this 
bit will force an interrupt, if enabled. 

WDCON.3 WDIF - Watchdog Interrupt Flag. If the 
Watchdog Interrupt is enabled (EIE.4), hardware will set 
this bit to indicate that the Watchdog Interrupt has 
occurred. If the interrupt is not enabled, this bit indicates 
that the time-out has passed. If the Watchdog Reset is 
enabled (WDCON.1 ), the user has 51 2 clocks to strobe 
the Watchdog prior to a reset. Software or any reset can 
clear this flag. 



WDCON.2 WTRF - Watchdog Timer Reset Flag. 
Hardware will set this bit when the Watchdog Timer 
causes a reset. Software can read it, but must clear it 
manually. A Power-fail Reset will also clear the bit. This 
bit assists software in determining the cause of a reset. 
If EWT=0, the Watchdog Timer will have no affect on this 
bit. 

WDCON.1 EWT - Enable Watchdog Timer Reset. 
Setting this bit will turn on the Watchdog Timer Reset 
function. The Interrupt will not occur unless the EWDI bit 
in the EIE register is set. A reset will occur according to 
the WD1 and WDO bits in the CKCON register. Setting 
this bit to a will disable the reset but leave the timer run- 
ning. 

WDCON.O RWT - Reset Watchdog Timer. This bit 
serves as the strobe for the Watchdog function. During 
the time-out period, software must set the RWT bit if the 
Watchdog is enabled. Failing to set the RWT will cause 
a reset when the time-out has elapsed. There is no 
need to set the RWT bit to a because it is self-clearing. 

EIE.4 EWDI - Enable Watchdog Interrupt. Set- 

ting this bit in software enables the Watchdog Interrupt. 

EXIF.O BGS - Band-Gap Select. Setting this bit 
to a 1 will allow the use of the Band-gap voltage refer- 
ence while in Stop mode. Since this function uses as 
much as 50 uA, the band-gap is optional in Stop mode. 
Setting this bit to a will turn off the Band-gap while in 
Stop mode. When BGS=0, no Power-fail interrupt or 
Power-fail Reset will be available in Stop mode. 

PCON.1 STOP. When this bit is set, the program 
stops execution, clocks are stopped, and the CPU 
enters power-down mode. 

PCON.O IDLE. Program execution halts leaving 
timers, serial ports, and clocks running. 

EXIF.2 RGMD - Ring Oscillator Mode. Hardware 
will set this status bit to a 1 when the clock source is the 
Ring Oscillator. Hardware will set this status bit to a 
when the crystal is the clock source. Refer to RGSL 
below for operation of the Ring Oscillator. 
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EXIF.1 RGSL - Ring Oscillator Select. When set 
to a 1 by software, the High-Speed Microcontroller will 
use a Ring Oscillator to come out of Stop mode without 
waiting for crystal start-up. This allows an instanta- 
neous start-up when coming out of Stop mode. It is use- 
ful if software needs to perform a short task, then return 
to Stop. It is also useful if software must respond quickly 
to an external event. After the crystal has performed 
65,536 cycles, hardware will switch to the crystal as its 
clock source. The RGMD status bit reports on this 
changeover. When RGSL is set to a 0, the High-Speed 
Microcontroller will delay software execution until after 
the 65,536 clock crystal startup time. RGSL is only 
cleared by a power-on reset and is not altered by other 
forms of reset. 

POWER SAVING 

The High-Speed Microcontroller is implemented using 
full CMOS circuitry for low power operation. It is fully 
static so the clock speed can be run down to DC. Like 
other CMOS, the power consumption is also a function 
of operating frequency. Although the High-Speed Mi- 
crocontroller is designed for maximum performance, it 
also provides improved power versus work relation- 
ships compared with standard 8051 devices. These 
topics are discussed in detail below. 

The High-Speed Microcontroller provides two modes 
(other than operating) that allow power conservation. 
They are similar, but have different merits and draw- 
backs. These modes are Idle and Stop. In the original 
8051, the Stop mode is called Power Down. These 
modes are invoked in the same manner as the original 
8051 series. 

IDLE MODE 

Idle mode suspends all CPU processing by holding the 
program counter in a static state. No program values are 
fetched and no processing occurs. This saves consider- 
able power versus full operation. The virtue of Idle mode 
is that it uses half the power of the operating state, yet 
reacts instantly to any interrupt conditions. All clocks 
remain active so the timers, Watchdog, Serial Port, and 
Power Monitor functions are all working. Since all clocks 
are running, the CPU can exit the Idle state using any of 
the interrupt sources. 

Software can invoke the Idle mode by setting the IDLE 
bit in the PCON register at location 87h. The bit is 



located at PCON.0. The instruction that executes this 
step will be the last instruction prior to freezing the pro- 
gram counter. Once in Idle, all resources are preserved. 
There are two ways to exit the Idle mode. First, any inter- 
rupt (that is enabled) will cause an exit. This will result in 
a jump to the appropriate interrupt vector. The IDLE bit in 
the PCON register will be cleared automatically. On 
returning from this vector using the RETI instruction, the 
next address will be the one immediately after the 
instruction that invoked the Idle state. 

The Idle mode can also be removed using a reset. Any 
of the three reset sources can do this. On receiving the 
reset stimulus, the CPU will be placed in a reset state 
and the Idle condition cleared. When the reset stimulus 
is removed, software will begin execution as for any 
reset. Since all clocks are active, there will be no delay 
after the reset stimulus is removed. Note that if enabled, 
the Watchdog Timer continues to run during Idle and 
must be supported. 

STOP MODE 

Stop mode is the lowest power state that the High- 
Speed Microcontroller can enter. This is achieved by 
stopping all on-chip clocks, resulting in a fully static 
condition. No processing is possible, timers are 
stopped, and no serial communication is possible. Pro- 
cessor operation will halt on the instruction that sets the 
STOP bit. The internal amplifierthat excites the external 
crystal will be disabled, halting crystal oscillation in Stop 
mode. Table 7-1 shows the state of the processor pins 
in Idle and Stop modes. 

Stop mode can be exited in two ways. First, like the 
8052 microcontrollers, a non-clocked interrupt such as 
the external interrupts or the power-fail interrupt can be 
used. Clocked interrupts such as the watchdog timer, 
internal timers, and serial ports will not operate in Stop 
mode. Note that the band-gap reference must be 
enabled in order to use the power-fail interrupt to exit 
Stop mode, which will increase Stop mode current. Pro- 
cessor operation will resume with the fetching of the 
interrupt vector associated with the interrupt that 
caused the exit from Stop mode. When the interrupt 
service routine is complete, an RETI will return the pro- 
gram to the instruction immediately following the one 
that invoked the Stop mode. 
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A second method of exiting Stop mode is with a reset. 
The watchdog timer reset is not available as a reset 
source because no timers are running in Stop mode. An 
external reset via the RST pin will unconditionally exit 
the device from Stop mode. If the BGS bit is set, the 
device will provide a reset while in Stop mode if Vcc 
should drop below the Vrst level. If the BGS bit is 0, 
then a dip in power below Vrst will not cause a reset. 
For example, if Vcc should drop to a level of V RS -r-0-5V, 
then return to the full level, no reset will be generated. 
For this reason, use of the band-gap reference is rec- 
ommended if a brownout condition is possible in Stop 
mode. If power fails completely (Vcc=0V), then a power 
on reset will still be performed when Vcc is reapplied 
regardless of the state of the BGS bit. Processor opera- 
tion will resume execution from address OOOOh like any 
other reset. 



CRYSTAL RESUME FROM STOP MODE 

If the microcontroller does not contain a ring oscillator, 
or if the RGSL bit is 0, a device exiting Stop mode must 
restart operation using the external crystal as a clock 
source. The device will experience a power-on reset 
delay of 65536 external clock cycles to allow the crystal 
to begin oscillation and the frequency to stabilize. Once 
this delay is complete, software will begin execution 
from either address OOOOh or the appropriate interrupt 
vector, depending on the stimulus to exit Stop mode. 
The same 65536 external clock cycle delay is per- 
formed if an external crystal oscillator is used instead of 
an external crystal. 



PIN STATES IN POWER SAVING MODES Table 7-1 



DEVICE 


MODE 


ALE 


PSEN 


P0 (ADO-7) 


P1 


P2 


P3 


DS80C310 
DS80C320 


Idle or 
Stop 


1 


1 


Latched 1 


Port data 2 


Latched 3 


Port data 2 


All Others 
Internal program 
execution 


Idle or 
Stop 


1 


1 


Port data 2 


Port data 2 


Port data 2 


Port data 2 


All Others 
External program 
execution 


Idle 


1 


1 


Latched 1 


Port data 2 


Latched 3 


Port data 2 


All Others 
External program 
execution 


Stop 


1 


1 


Port data 2 


Port data 2 


Port data 4 


Port data 2 



1 Port exhibits opcode following instruction that sets the Stop bit. Port is operating in true bidirectional mode, and will 
drive both a logic 1 and a logic 0. 

2 Port reflects data stored in corresponding Port SFR. Port functions as an open-drain output in this mode. 

3 Port exhibits address MSB of opcode following instruction that sets the Stop bit. 

4 Port reflects data stored in corresponding Port SFR. In this mode, the port uses weak pullups. If a bit in the P2 SFR is 
a 1 , the corresponding device pin will transition slowly to a high when the reset state is entered. 
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RING OSCILLATOR WAKE UP FROM STOP 

A typical low power application is to keep the processor 
in Stop mode most of the time. Periodically, the system 
will wake up (using an external interrupt), take a reading 
of some condition, then return to sleep. The duration of 
full power operation is as short as possible. One disad- 
vantage to this method is that the clock must be 
restarted prior to performing a meaningful operation. 
This start-up period is a waste of time and power since 
no work can be performed. The High-Speed Microcon- 
troller provides an alternative. 

If the Ring Select (RGSL) is enabled, the High-Speed 
Microcontroller can exit Stop mode running from an 
internal Ring Oscillator. Upon receipt of an interrupt , 
this oscillator can start instantaneously, allowing soft- 
ware execution to begin immediately while the oscillator 
is stabilizing. Once 65,536 clock cycles have been de- 
tected, the CPU will automatically switch to the normal 
oscillator as its clock source. However, if the required 
interrupt response is very short, the software can re-en- 
ter Stop mode before the crystal is even stable. In this 
case, Stop mode can be invoked and both oscillators 
will be stopped. 



SPEED REDUCTION 

The High-Speed Microcontroller is a fully CMOS 8051 
compatible microcontroller. It can use significantly less 
power than other 8051 versions because it is more effi- 
cient. As an average, software will run 2.5 times faster 
on the High-Speed Microcontroller than on other 8051 
derivatives. Thus the same job can be accomplished by 
slowing down the crystal by a factor of 2.5. For example, 
an existing 8051 design that runs at 12 MHz can run at 
approximately 4.8 MHz on the High-Speed Microcon- 
troller. At this reduced speed, the High-Speed Micro- 
controller will have lower power consumption than an 
8051 , yet perform the same job. 

Using the 2.5X factor, Table 7-2 shows the approximate 
speed at which the High-Speed Microcontroller can 
accomplish the same work as an 8051 . The exact im- 
provement will vary depending on the actual instruction 
mix. Available crystal speeds must also be considered. 
Refer to Section 1 6 for information on instruction timing. 



CRYSTAL VS MIPS COMPARISON Table 7-2 



ORIGINAL 8051 
CRYSTAL SPEED 



MIPS 



HIGH-SPEED MICROCONTROLLER 
CRYSTAL SPEED 



3.57 MHz 
7.37 MHz 
11.0592 MHz 
14.318 MHz 
16 MHz 
20 MHz 
24 MHz 
33 MHz 
40 MHz 



0.3 
0.6 
0.9 
1.2 
1.3 
1.6 
2.0 
2.7 
3.3 



1.4 MHz 
2.9 MHz 
4.4 MHz 
5.7 MHz 
6.4 MHz 
8 MHz 
9.6 MHz 
13.2 MHz 
16 MHz 



042595 83/149 



84 



HIGH-SPEED MICROCONTROLLER USER'S GUIDE 



POWER MANAGEMENT MODES 

Power consumption in CMOS microcontrollers is a 
function of operating frequency. The Power Manage- 
ment Mode (PMM) feature, available with some mem- 
bers of the High-Speed Microcontroller family, allows 
software to dynamically match operating frequency and 
current consumption with the need for processing pow- 
er. Instead of the default 4 clocks per machine cycle, 
power management mode 1 (PMM1) and power man- 
agement mode 2 (PMM2) utilize 64 and 1 024 clocks per 
cycle respectively to conserve power. 

A number of special features have been added to en- 
hance the function of the power management modes. 
The switchback feature allows the device to almost 
instantaneously return to divide by 4 mode upon ac- 
knowledgment of an external interrupt or a falling edge 
on a serial port receiver pin. The advantages of this be- 
come apparent when one calculates the increased in- 
terrupt service time of a device operating in PMM. In 
addition, a device operating in PMM would normally be 



unable to sample an incoming serial transmission to 
properly receive it. The switchback feature, explained 
below, allows a device to return to divide by 4 operation 
in time to receive incoming serial port data and process 
interrupts with no loss in performance. 

The DS87C520 and DS87C530 incorporate a Status 
register (STATUS;C5h) to prevent the device from acci- 
dentally reducing the clock rate during the servicing of 
an external interrupt or serial port activity. This register 
can be interrogated to determine if a high priority, low 
priority, or power fail interrupt is in progress, or if serial 
port activity is occurring. Based on this information the 
software can delay or reject a planned change in the 
clock divider rate. 

In addition, the DS87C520 and DS87C530 has the ca- 
pability to operate from the internal ring oscillator during 
normal operation, not only during the crystal warm-up 
period. Table 7-3 summarizes the new control bits 
associated with the power management features. 
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POWER MANAGEMENT AND STATUS BIT SUMMARY Table 7-3 



BIT NAME 



LOCATION 



FUNCTION 



RESET 
STATE 



READ/WRITE ACCESS 



CD1.CD0 



PMR.7-6 



Clock Divider Control 



0,1 



CD1 


CDO 


Osc Cycles per Machine Cycle 








Reserved 





1 


4 (Reset Default) 


1 





64(PMM1) 


1 


1 


1024 (PMM2) 



Write: 0,1 anytime; 
1,0 & 1,1 only when pre- 
viously in 0,1 state. Un- 
restricted read. 



SWB 



PMR.5 



Switchback Enable 

0=lnterrupts and serial port activity will not 
affect clock divider control bits 

1=Enabled Interrupts and serial port activity 
will cause a switchback 



Unrestricted 



PIP 



STATUS. 7 



Power Fail Interrupt Status 

0=No power fail interrupt in progress 

1=Powerfail interrupt in progress 



Read Only 



HIP 



STATUS. 6 



High Priority Interrupt Status 

0=No high priority interrupt in progress 

1 =High priority interrupt in progress 



Read Only 



LIP 



STATUS. 5 



Low Priority Interrupt Status 

0=No low priority interrupt in progress 

1=Low priority interrupt in progress 



Read Only 



SPTA1 



STATUS. 3 



Serial Port 1 Transmitter Activity Status 
0=Serial port 1 transmitter inactive 
1=Serial port 1 transmitter active 



Read Only 



SPRA1 



STATUS. 2 



Serial Port 1 Receiver Activity Status 
0=Serial port 1 receiver inactive 
1 =Serial port 1 receiver active 



Read Only 



SPTA0 



STATUS. 1 



Serial Port Transmitter Activity Status 
0=Serial port transmitter inactive 
1 =Serial port transmitter active 



Read Only 



SPRA0 



STATUS.O 



Serial Port Receiver Activity Status 
0=Serial port receiver inactive 
1=Serial port receiver active 



Read Only 
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POWER MANAGEMENT MODE TIMING 

The two power management modes reduce power con- 
sumption by internally dividing the clock signal to the de- 
vice, causing it to operate at a reduced speed. When 
PMM is invoked, the external crystal will continue to op- 
erate at full speed. The difference is that the device uses 
16 (PMM1) or 256 (PMM2) external clocks to generate 
each internal clock cycle (C1 , C2, C3 or C4) as opposed 
to 1 clock per internal clock cycle in divide by 4 mode. 
This translates to 64 or 1024 external clocks per 
machine cycle in PMM1 or PMM2, respectively. Rela- 



tive timing relationships of all signals when the device is 
operating in PMM1 or PMM2 will remain the same as the 
4 cycle timing. Note that all internal functions, on-board 
timers (including serial port baud rate generation), 
watchdog timer, and software timing loops will also run 
at the reduced speed. Most applications will not find it 
necessary to attend to this much detail, but the informa- 
tion is provided for calculating critical timings. Figure 
7-2 demonstrates the internal timing relationships dur- 
ing PMM1. 



INTERNAL TIMING RELATIONSHIPS IN PMM1 Figure 7-2 

SINGLE-CYCLE INSTRUCTION 



MACHINE 
CYCLES 



MACHINE CYCLE • 



C1 



C2 



C3 



C4 



SINGLE-CYCLE 
INSTRUCTION 



MACHINE CYCLE ■ 



ALE 



INTERNAL 

CLOCK 

(PMM1) 



EXTERNAL 
CLOCK 



•« 64 CLOCK CYCLES 

PMM1 and PMM2 are entered and exited by setting the 
Clock Rate Divider bits (PMR.7-6). In addition, it is pos- 
sible use the switchback feature to effect a return to the 
divide by 4 mode from either power management mode. 
This allows both hardware and software to cause an exit 
from PMM. Entry to or exit from either PMM must be by 
the divide by 4 mode. This means that to switch from di- 
vide by 64 to divide by 1024 and vice versa, one must 
first switch back to divide by 4 mode. Attempts to 
execute an illegal speed change will be ignored and the 
bits will remain unchanged. It is the responsibility of the 
software to test for serial port activity before attempting 
to change speed, as a modification of the clock divider 
bits during a serial port operation will corrupt the data. 



PMM AND PERIPHERAL FUNCTIONS 

Timers 0, 1 , and 2 will default on reset to a 1 2 clock per 
cycle operation to remain compatible with the original 
8051 timing. The timers can be individually configured 
to run at machine cycle timing (divide by 4) by setting 
the relevant bits in the Clock Control Register 
(CKCON;8Eh). Because the timers derive their time 
basef rom the internal clock, timers 0, 1 , and 2 operate at 
reduced clock rates during PMM. This will also affect the 
operation of the serial ports in PMM. In general, it is not 
possible to generate standard baud rates while in PMM, 
and the user is advised to avoid PMM or use the switch- 
back feature if serial port operation is desired. Table 7-4 
shows the effect of the clock divider value on timer op- 
eration. 
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EFFECT OF CLOCK MODES ON TIMER OPERATION Table 7-4 



CD1 


CDO 


osc. 

CYCLES PER 
MACHINE 
CYCLE 


OSC. CYCLES 
PER TIMER 
0/1/2 CLOCK 


OSC. CYCLES 
PER TIMER 2 
CLOCK, BAUD 
RATE GEN. 


OSC. CYCLES 
PER SERIAL 
PORT CLOCK 
MODE0 


OSC. CYCLES PER 
SERIAL PORT 
CLOCK MODE 2 






TxM=1 


TxM=0 


T2M=1 


T2M=0 


SM2=0 


SM2=1 


SMOD=0 


SMOD=1 








Reserved 





















1 


4 


12 


4 


2 


2 


12 


4 


64 


32 


1 





64(PMM1) 


192 


64 


32 


32 


192 


64 


1024 


512 


1 


1 


1024 (PMM2) 


3072 


1024 


512 


512 


3072 


1024 


16,384 


8192 



SWITCHBACK 

The switchback feature solves one of the most vexing 
dilemmas faced by power-conscious systems. Many 
applications are unable to use the Stop and Idle modes 
because they require constant computation. Tradition- 
ally, system designers could not reduce the operating 
speed below that required to process the fastest event. 
This meant that system architects would be forced to 
operate their systems at the highest rate of speed even 
when it was not required. 



port reception on the falling edge associated with the 
start bit, if the associated receiver enable bit (SCON0.4 
or SCON1.4) is set. For serial port transmissions, a 
switchback is generated when the serial port buffer 
(SBUF0;99h or SBUF1;C1h) is loaded. This ensures 
the device will be operating in divide by 4 mode when the 
data is transmitted, and eliminates the need for a write to 
the CD1 , CDO bits to exit PMM before transmitting. The 
switchback feature is unaffected by the state of the seri- 
al port interrupt flags (Rl_0, Tl_0, Rl_1 , Tl_1). 



The switchback feature allows a system to operate at a 
relatively slow speed, and burst to a faster mode when 
required by an external event. When this feature is en- 
abled by setting the Switchback Enable bit, SWB, 
(PMR.5), a qualified interrupt or serial port reception or 
transmission will cause the device to return to divide by 
4 mode. A qualified interrupt is defined as an interrupt 
which has occurred and been acknowledged. This 
means that an interrupt must be enabled and also not 
blocked by a higher priority interrupt. After the event is 
complete, software can manually return the device to 
the appropriate PMM. The following sources can trigger 
a switchback: 

external interrupt 0/1/2/3/4/5, 

serial start bit detected, Serial Port 0/1 , 

transmit buffer loaded, Serial Port 0/1 , 

watchdog timer reset, 

power-on reset, 

external reset. 

In the case of a serial port-initiated switchback, the 
switchback is not generated by the associated interrupt. 
This is because a device operating in PMM will not be 
able to correctly receive a byte of data to generate an 
interrupt. Instead, a switchback is generated by a serial 



The timing of the switchback is dependent on the 
source. Interrupt-initiated switchbacks will occur at the 
start of the first C1 cycle following the event initiating the 
switchback. In PMM, each internal Cx cycle is 16 exter- 
nal clock cycles for PMM1 and 256 cycles for PMM2. If 
the current instruction in progress is a write to the IE, IP, 
EIE, or EIP registers, interrupt processing will be 
delayed until the completion of the following instruction. 
Serial transmit-initiated switchbacks occur at the start 
of the instruction following the MOV that loads SBUF0 or 
SBUF1. Serial reception-initiated switchbacks occur 
during the Cx cycle in which the falling edge was de- 
tected. 

There are a few points that must be considered when 
using a serial port reception to generate a switchback. 
Under normal circumstances, noise on the line or an 
aborted transmission would cause the serial port to 
time-out and the data to be ignored. This presents a 
problem if the switchback is used, however, because a 
switchback would occur but there is no indication to the 
system that one has occurred. If PMM and serial port 
switchback functions are used in a noisy environment, 
the user is advised to periodically check if the device has 
accidentally exited PMM. 
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A similar problem can occur if multiprocessor commu- 
nication protocols are used in conjunction with PMM. 
The High-Speed Microcontroller family supports both 
the use of the SM2 flag (SCON0.5 or SCON1 .5), and the 
slave address recognition registers (SADDR0;A9h, 
SADDR1 ;AAh, SADEN0;B9h, SADEN1 ;BAh) for multi- 
processor communications. The problem is that an in- 
valid address which should be ignored by a particular 
processor will still generate a switchback. As a result it is 
not recommended to use a multiprocessor communica- 
tion scheme in conjunction with PMM. If the system 
power considerations will allow for an occasional erro- 
neous switchback, a polling scheme can be used to 
place the device back into PMM. 

CLOCK SOURCE SELECTION 

The High-Speed Microcontroller family supports three 
different clock sources for operation. As with most mi- 
crocontrollers, the device can be clocked from an exter- 
nal crystal using the on-board crystal amplifier, or a 
clock source can supplied by an external oscillator. In 
addition, some members of the High-Speed Microcon- 
troller family incorporate an on-board ring oscillator to 
provide a quick resumption from Stop mode. The ring 



oscillator is a low power digital oscillator internal to the 
microcontroller. When enabled, it provides an approxi- 
mately 2-4 MHz clock source for device operation with- 
out external components. The ring oscillator is not as 
stable as an external crystal, and software should re- 
frain from performing timing dependent operations, in- 
cluding serial port activity, while operating from the ring 
oscillator. 

The ring oscillator provides many advantages to the de- 
signers of microcontroller-based systems. One is that it 
allows Dallas Semiconductor microcontrollers to per- 
form a fast resume from Stop mode, eliminating the 
crystal warm-up delay when restarting the device. As 
an added feature, the DS87C520 and DS87C530 will 
also support extended operation from the ring oscillator, 
not only during the crystal warm-up period when resum- 
ing from Stop. All devices in the High-Speed Microcon- 
trollerfamily must begin operation following a power-on 
reset from an external clock source, either an external 
crystal or oscillator. Software can then disable the crys- 
tal and run from the lower power ring oscillator. The con- 
trol and status bits which support the new and/or en- 
hanced features are shown in Table 7-5. 
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XT/RG 


EXIF.3 


Crystal/Ring Clock Source Select. This bit is not 

present on the 80C320. 

1 =Select crystal or external clock as clock 

source, 

0=Select ring oscillator as clock source 


1 


anytime; 

1 when XTUP=1 
& XTOFF=0 


RGMD 


EXIF.2 


Ring Oscillator Mode Status. 

1=Ring oscillator is current clock source, 

0=Crystal or external clock is current clock 

source. 





None 


RGSL 


EXIF.1 


Ring Oscillator Select, Stop Mode. 
1=Ring oscillator will be the clock source when 
resuming from Stop mode, 
0=Crystal or external clock will be the clock 
source when resuming from Stop mode 
Note: Upon completion of crystal warm up peri- 
od, DS80C320 devices will switch to crystal. 
DS87C520 and DS87C530 devices will switch to 
clock source designated by XT/RG bit 




Unrestricted 


XTOFF 


PMR.3 


Crystal Oscillator Disable. Disables crystal op- 
eration after ring mode has been selected. This 
bit is not present on the 80C320. 
1=Crystal amplifier is disabled. 
0=Crystal amplifier is enabled. Check XTUP for 
status. 





anytime; 

1 when XT/RG =0 


XTUP 


STATUS.4 


Crystal Oscillator Warm Up Status. This bit is 

not present on the 80C320. 

1=Oscillator warm up complete. 

0=Oscillator warm up still in progress, crystal not 

available. 


1 


None 
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RING OSCILLATOR RESUME FROM STOP 

To achieve the minimum power consumption during pe- 
riods of processor inactivity, software can place the de- 
vice into Stop mode. Such systems will typically resume 
operation using an external interrupt, perform some ac- 
tivity, and then return to Stop mode. Traditional designs 
which rely upon an external crystal as the clock source 
must incur the startup delay of the crystal when resum- 
ing from Stop mode. This is a waste of time and power 
as no work can be performed until the crystal has stabi- 
lized. 

Although the ring oscillator provides an approximately 
2-4 MHz clock source for device operation, it is not as 
stable as an external crystal. As a result, high accuracy 
timing operations should be avoided while running from 
the ring oscillator. This includes using the timers for 
pulse measurement, and the use of the serial ports in 
asynchronous modes (1 , 2, 3). Serial ports operating in 
mode are unaffected by the stability of the clock 
source as a separate synchronizing clock is generated. 

If the Ring Oscillator Select bit, RGSL (EXIF.1 ) is set, the 
device will resume operation immediately using the in- 
ternal ring oscillator as the clock source. The device will 
continue to run from the ring oscillator until the crystal 
warm-up period of 65,536 clock cycles (measured from 
the external source) has completed. At this time the 
device will switch to the clock source active before it en- 
tered Stop mode and continue operation. This allows 
software execution to begin immediately upon resuming 
from Stop mode. The current clock source is indicated 
by the Ring Oscillator Mode bit, RGMD (EXIF.2). 

In Stop mode, enabled interrupts become true edge trig- 
gered interrupts, compared with the sampled edge 
detection used during normal operation. This means 
that external interrupts are more sensitive to noise in 
Stop mode than during normal operation. Applications 
should be carefully designed to ensure that noise will 
not cause an erroneous exit from Stop mode. 



SWITCHING BETWEEN CLOCK SOURCES 

DS87C520 and DS87C530 incorporate the ability to run 
the device from the ring oscillator after the crystal 
warm-up period has elapsed. Immediately following a 
reset (including initial power-up), all devices must oper- 
ate from an external crystal or oscillator. At this point, 
software may switch to the ring oscillator by clearing the 
XT/RG bit (EXIF.3). If there is no expectation that the 
crystal oscillator will be needed soon, the crystal oscilla- 
tor can be disabled by setting the Crystal Oscillator Dis- 
able Bit, XTOFF (PMR.3). Note that switching to the ring 
oscillator does not automatically disable the crystal am- 
plifier, and thus it is possible to be operating the device 
from the ring oscillator and have the external crystal am- 
plifier operating at the same time. In some cases this 
may be desired to take advantage of the low-frequency, 
low-power feature of the ring oscillator but still have the 
capability of quickly switching back to the external crys- 
tal to perform timing or serial port operations. 

Switching from the ring oscillator to the crystal oscillator 
is more involved due to the startup delays inherent in the 
external crystal. To prevent an accidental disabling of 
the device, the XTUP bit must be set by internal hard- 
ware (indicating an enabled, stable crystal) before set- 
ting the XT/RG bit. The procedure to switch to the crystal 
oscillator when running from the ring oscillator is as fol- 
lows: 

1. Clear the Crystal Oscillator Disable Bit, XTOFF 
(PMR.3) to restart the crystal oscillator and start the 
crystal warm-up period. 

2. Wait for the Crystal Oscillator Warm Up Status bit, 
XTUP (STATUS.4) to be set, indicating that the ex- 
ternal crystal warm up period is complete. This will 
take 65,536 external clock cycles. 

3. Set the Crystal Oscillator/Ring Oscillator Select Bit, 
XT/RG (EXIF.3) to select the crystal as the clock 
source. 
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SECTION 8: RESET CONDITIONS 

The High-Speed Microcontroller provides several ways 
to place the CPU in a reset state. It also offers the means 
for software to determine the cause of a reset. The reset 
state of most processor bits is not dependent on the type 
of reset, but selected bits do depend on the reset 
source. The reset sources and the reset state are 
described below. 

RESET SOURCES 

The High-Speed Microcontroller has three ways of 
entering a reset state. Each reset source is described 
below. They are: 

Power-on/Power Fail Reset 
Watchdog Timer Reset 
External Reset 

Power-on/Fail Reset 

Members of the High-Speed Microcontroller family 
incorporate an internal voltage reference which holds 
the CPU in the power-on reset state while Vcc is out of 
tolerance. Once Vcc has nsen above the threshold, the 
microcontroller will restart the oscillation of the external 
crystal and count 65536 clock cycles. The processor 
will then begin software execution at location OOOOh. 

The voltage at which the reset state is entered depends 
on the specific device. If the device does not contain a 
precision voltage reference, the power-on reset thresh- 
old may be anywhere between 0.8V and Vccmin- If 'he 
device incorporates a precision voltage reference, the 
threshold will be as specified by the V R s T parameter in 
the data sheet. This helps the system maintain reliable 
operation by only permitting processor operation when 
voltage is in a know good state. 

The processor will exit the reset condition automatically 
once the above conditions are met. This happens auto- 
matically, needing no external components or action. 
Execution begins at the standard reset vector address 
of OOOOh. Software can determine that a Power-on 
Reset has occurred using the Power-on Reset flag 
(POR). It is located at WDCON.6. Since all resets cause 
a vector to location OOOOh, the POR flag allows software 
to acknowledge that power failure was the reason for a 
reset. 

Software should clear the POR bit after reading it. When 
a reset occurs, software will be able to determine if a 
power cycle was the cause. In this way, processing may 



take a different course for each of the three resets if 
applicable. When power fails (drops below Vrst), the 
power monitor will invoke the reset state again. This 
reset condition will remain while power is below the 
threshold. When power returns above the reset thresh- 
old, a full power-on reset will be performed. Thus a 
brownout that causes Vcc *° drop below Vrst appears 
the same as a power up. 

Watchdog Timer Reset 

The Watchdog Timer is a free running timer with a pro- 
grammable interval. Software can clear the timer at any 
time, causing the interval to begin again. The Watchdog 
supervises CPU operation by requiring software to clear 
it before the time-out expires. If the timer is enabled and 
software fails to clear it before this interval expires, the 
CPU is placed into a reset state. The reset state will be 
maintained for two machine cycles. Once the reset is 
removed, the software will resume execution at OOOOh. 

The Watchdog Timer is fully described in Section 11. 
Software can determine that a Watchdog time-out was 
the reason for the reset by using the Watchdog Timer 
Reset flag (WTRF). WTRF is located at WDCON.2. 
Hardware will set this bit to a logic 1 when the Watchdog 
times out without being cleared by software if EWT=1 . If 
a Watchdog Timer reset occurs, software should clear 
this flag manually. This allows software to detect the 
event if it occurs again. 

External Reset 

If the RST input is taken to a logic 1 , the CPU will be 
forced into a reset state. This will not occur instanta- 
neously, as the condition must be detected and then 
clocked into the microcontroller. It requires a minimum 
of two machine cycles to detect and invoke the reset 
state. Thus the reset is a synchronous operation and the 
crystal must be running to cause an external reset. 

Once the reset state is invoked, it will be maintained as 
long as RST=1 . When the RST is removed, the CPU will 
exit the reset state within two machine cycles and begin 
execution at address OOOOh. All registers will default to 
their power-on reset state. There is no flag to indicate 
that an external reset was applied. However, since the 
other two sources have associated flags, the RST pin is 
the default source when neither POR or WTRF is set. 

If a RST is applied while the processor is in the Stop 
mode, the scenario changes slightly. As mentioned 
above, the reset is synchronous and requires a clock to 
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be running. Since the Stop mode stops all clocks, the 
RST will first cause the oscillator to begin running and 
force the program counter to OOOOh. Rather than a two 
machine cycle delay as described above, the processor 
will apply the full power-on delay (65536 clocks) to 
allow the oscillator to stabilize. 

RESET STATE 

Regardless of the source of the reset, the state of the mi- 
crocontroller is the same while in reset. When in reset, 
the oscillator is running, but no program execution is 
allowed. When the reset source is external, the user 
must remove the reset stimulus. When power is applied 
to the device, the power-on delay removes the stimulus 
automatically. 

Resets do not affect the Scratchpad RAM. Thus any 
data stored in RAM will be preserved. The contents of 
internal MOVX data memory will also remain unaffected 
by a reset. Note that if the power supply dips below 
approximately 2V, the RAM contents may be lost. The 
minimum voltage required for RAM data retention in not 
specified. Since it is impossible to determine if the 
power was lower than 2V prior to the power-on reset, 
RAM must be assumed lost when POR is set. 

The reset state of SFR bits are described in Section 4. 
Bits which are marked SPECIAL have conditions which 
can affect their reset state. Consult the individual bit de- 
scriptions for more information. Note that the stack 
pointer will also be reset. Thus the stack is effectively 
lost during a reset even though the RAM contents are 
not altered. Interrupts and Timers are disabled. The 
state of the Watchdog Timer is dependent on the specif- 
ic device in use. Note that the Watchdog time out 
defaults to its shortest interval on any reset. I/O Ports 
are taken to a weak high state (FFh). This leaves each 
port pin configured with the data latch set to a 1 . Ports do 
not go to the 1 state instantly when a reset is applied, but 
will be taken high within two machine cycles of asserting 
a reset. When the reset stimulus is removed, program 
execution begins at address OOOOh. 

NO-BATTERY RESET 

The battery backup feature of the DS87C530 
introduces a new type of reset condition. Most SFR bits 
are automatically reset to thei r default state upon a pow- 
er-on reset. The external backup battery feature makes 



some bits non-volatile, however, and these battery- 
backed bits will not change state when a power-on re- 
set is applied. Upon the loss or initial connection of bat- 
tery power these bits will default to the state shown in 
Table 8-1. Any bits not listed below are either un- 
changed or set to their default state by a power-on re- 
set. 



NO-BATTERY RESET DEFAULT Table 8-1 



BIT NAME 


LOCATION 


NO-BATTERY RE- 
SET STATE 


E4K 


TRIM.7 





X12/6 


TRIM.6 


1 


TRM2 


TRIM.5 


1 


TRM2 


TRIM.4 





TRM1 


TRIM.3 





TRM1 


TRIM.2 


1 


TRMO 


TRIM.1 





TRMO 


TRIM.O 


1 


RTASS.7-0 


RTASS.7-0 


Indeterminate 


RTAS.7-0 


RTAS.7-0 


Indeterminate 


RTAM.7-0 


RTAM.7-0 


Indeterminate 


RTAH.7-0 


RTAH.7-0 


Indeterminate 


SSCE 


RTCC.7 


Indeterminate 


SCE 


RTCC.6 


Indeterminate 


MCE 


RTCC.5 


Indeterminate 


HCE 


RTCC.4 


Indeterminate 


RTCIF 


RTCC.1 


Indeterminate 


RTCE 


RTCC.O 


Indeterminate 


RTCSS.7-0 


RTCSS.7-0 


Indeterminate 


RTCS.7-0 


RTCS.7-0 


Indeterminate 


RTCM.7-0 


RTCM.7-0 


Indeterminate 


RTCH.7-0 


RTCH.7-0 


Indeterminate 


RTCDO.7-0 


RTCD1.7-0 


Indeterminate 


RTCD1.7-0 


RTCD1.7-0 


Indeterminate 
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IN-SYSTEM DISABLE MODE 

The High Speed Microcontroller Family supports in— cir- 
cuit debugging of designs. The In-System Disable 
(ISD) feature allows the device to be tristated for in— cir- 
cuit emulation or board testing. During ISD mode, the 
device pins will take on the following states: 



DEVICE PIN 


STATE DURING ISD 


PortO, 1, 2, 3 RST, EA 


True Tristate 


ALE, PSEN 


Weak Pull-up (~10KQ) 


XTAL1 , XTAL2 


Oscillator remains active 



The following procedure is used to enter ISD mode: 



1 . Assert reset by pulling RST high, 

2. Pull ALE low and pull PSEN high, 



3. Verify that P2.7, P2.6, P2.5 are not being driven low, 

4. Release RST, 

5. Hold ALE low and PSEN high for at least 2 machine 
cycles, 

6. Device is now in ISD mode. Release ALE and PSEN 
if desired. 

Note that pins P2.7, P2.6, P2.5 should not be driven low 
when RST is released. This will place the device into a 
reserved test mode. Because these pins have a weak 
pull-up during reset, they can be left floating. The test 
mode is only sampled on the falling edge of RST, and 
once RST is released their state will not effect device 
operation. In a similar manner, the PSEN and RST pins 
can be released once ISD mode is invoked, and their 
state will not effect device operation. The RST pin will 
also be in a tristate mode, but asserting it in ISD mode 
will return the device to normal operation. 
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SECTION 9: INTERRUPTS 

The High-Speed Microcontroller family utilizes a three- 
priority interrupt system. The number of interrupts va- 
ries according to the specific device. Each source has 
an independent priority bit, flag, interrupt vector, and 
enable. In addition, interrupts can be globally enabled 
(or disabled). The system is compatible with the original 
8051 family. All of the original interrupts are available. 



Several new sources have been added with new 
associated control and status bits, and new interrupt 
vectors. Note that the interrupt vector table can extend 
from OOOOh to 006Bh, so existing code may require a re- 
location of the start address to avoid a conflict with the 
upper end of the vector table. A summary of all inter- 
rupts appears in Table 9-1 below. 



INTERRUPT SUMMARY Table 9-1 



INTERRUPT 


INTERRUPT 
VECTOR 


NATURAL 
PRIORITY 


FLAG 


ENABLE 


PRIORITY 
CONTROL 


Power— fail Indicator 


33 h 





PFI (WDCON.4) 


EPFI (WDCON.5) 


N/A 


External Interrupt 


03h 


1 


IE0 (TCON.1)** 


EXO (IE.0) 


PXO (IPO) 


Timer Overflow 


OBh 


2 


TFO (TCON.5)* 


ETO (IE.1) 


PTO (IP.1) 


External Interrupt 1 


13h 


3 


IE1 (TCON.3)** 


EX1 (IE.2) 


PX1 (IP.2) 


Timer 1 Overflow 


1Bh 


4 


TF1 (TCON.7)* 


ET1 (IE.3) 


PT1 (IP.3) 


Serial Port 


23h 


5 


Rl O(SCONO.O), 
TI_0(SCON0.1) 


ESO (IE.4) 


PSO (IP.4) 


Timer 2 Overflow 


2Bh 


6 


TF2 (T2CON.7) 


ET2 (IE.5) 


PT2 (IP.5) 


Serial Port 1 


3Bh 


7 


Rl 1 (SCON1.0), 
TIJ (SCON1.1) 


ES1 (IE.6) 


PS1 (IP.6) 


External Interrupt 2 


43h 


8 


IE2 (EXIF.4) 


EX2 (EIE.0) 


PX2 (EIP.O) 


External Interrupt 3 


4Bh 


9 


IE3 (EXIF.5) 


EX3 (EIE.1) 


PX3 (EIP.1) 


External Interrupt 4 


53h 


10 


IE4 (EXIF.6) 


EX4 (EIE.2) 


PX4 (EIP.2) 


External Interrupt 5 


5Bh 


11 


IE5 (EXIF.7) 


EX5 (EIE.3) 


PX5 (EIP.3) 


Watchdog Interrupt 


63h 


12 


WDIF (WDCON.3) 


EWDI (EIE.4) 


PWDI (EIP.4) 


Real -Time Clock 


6Bh 


13 


RTCIF(RTCd) 


ERTCI (EIE.5) 


PRTCI 
(EIP.5) 



Unless marked these flags must be cleared manually by software. 

* Cleared automatically by hardware when the service routine is vectored to. 

** If edge triggered, cleared automatically by hardware when the service routine is vectored to. If level triggered, 
flag follows the state of the pin. 



INTERRUPT OVERVIEW 

An interrupt allows the software to react to unscheduled 
or asynchronous events. When an interrupt occurs, the 
CPU is expected to "service" the interrupt. This service 
takes the form of an Interrupt Service Routine (ISR). 
The ISR resides at a predetermined address as shown 
in Table 9-1. When the interrupt occurs, the CPU will 
vector to the appropriate location. It will run the code 
found at this location, staying in an interrupt service 
state until done with the ISR. Once an ISR has begun, it 



can be interrupted only by a higher priority interrupt. The 
ISR is terminated by a return from interrupt instruction 
(RETI). When an RETI is performed, the processor will 
return to the instruction that would have been next when 
the interrupt occurred. 

Each interrupt source has an associated vector. This is 
the address to which the CPU will jump when the inter- 
rupt occurs. When the interrupt condition occurs, the 
processor will also indicate this by setting a flag bit. This 
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bit is set regardless of whether the interrupt is enabled 
or not. That is, the flag responds to the condition, not the 
interrupt. Most flags must be cleared manually by soft- 
ware. However, IEO and IE1 are cleared automatically 
by hardware when the service routine is vectored to if 
the interrupt was edge triggered. In level triggered 
mode, the flag follows the state of the pin. Flags TFO and 
TF1 are always cleared automatically when the service 
routine is vectored to. Refer to the individual bit descrip- 
tions for more details. In order for the processor to 
acknowledge the interrupt and vector to the ISR, the 
interrupt must be enabled. Each source has an indepen- 
dent enable as shown in Table 9-1 . 

Prior to using any source, interrupts must be globally 
enabled. This is done using the EA bit at location IE. 7. 
Setting this bit to a logic 1 allows individual interrupts to 
be enabled. Setting it to a logic disables all interrupts 
regardless of the individual interrupt enables. The only 
exception is the Power-fail Interrupt. This is subject to 
its individual enable only. The EA bit has no effect on the 
Power-fail Interrupt. 

INTERRUPT SOURCES 

Various combinations of interrupt sources are available 
on different members of the High-Speed Microcontrol- 
ler family. These are broken into several categories : 
External, Timer-based, Serial Communication, real- 
time clock and Power Monitor. Each type is described 
below. Interrupt sources are sampled once per machine 
cycle. If the source goes active after the sample, it will 
not be registered until the next cycle. 

External Interrupts 

The High-Speed Microcontroller has 6 external inter- 
rupt sources. These include the standard 2 interrupts of 
the 8051 architecture and 4 new sources. The original 
interrupts are INTO and INT1. These are active low, but 
can be programmed to be edge— or level-sensitive. The 
detection mode is controlled by bits ITO and IT1 , respec- 
tively. When ITx=0, the interrupt is triggered by a logic 
on the appropriate interrupt pin. The interrupt condition 
remains in force as long as the pin is low. When ITx=1 , 
the interrupt is pseudo edge-triggered. This means that 
if on successive samples, the pin is high then low, the 
interrupt is activated. 

Since the external interrupts are sampled, the pin driver 
of an edge-triggered interrupt should hold the both the 
high, then the low condition for at least one machine 
cycles (each) to insure detection. 
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It is important to note that level-sensitive interrupts are 
not latched. If the interrupt is level-sensitive, the condi- 
tion must be present until the processor can respond to 
the interrupt. This is most important if other interrupts 
are being used with a higher or equal priority. If the de- 
vice is currently processing another interrupt, the condi- 
tion must be present until the present interrupt is com- 
plete. This is because the level-sensitive interrupt will 
not be sampled until the RETI instruction is executed. 

The remaining 4 external interrupts are similar in nature, 
with two differences. First, INT2 and INT4 are active 
high instead of active low. Second, all of the four new 
interrupts are edge-detect only. They do not have level- 
detect modes. All associated bits and flags operate the 
same and have the same polarity as the original two. A 
logic 1 indicates the presence of a condition, not the 
logic state of the pin. 

If the Power Management Modes are utilized, the de- 
signer must remember that edge triggered interrupts 
must be high and low for one machine cycle before be- 
ing recognized. This means that in PMM1 it will require 
128 external clock cycles to recognize a level sensitive 
interrupt. Similarly, in PMM2 it will require 2048 external 
clock cycles to recognize a level sensitive interrupt. As a 
result, the interrupt latency for these interrupts will be 
slightly longer in PMMIor PMM2. 

Timer Interrupts 

The High-Speed Microcontroller incorporates three 
16-bit programmable timers, each of which can gener- 
ate an interrupt. In addition, some members of the family 
incorporate a programmable watchdog timer. The three 
programmable timers operate in the same manner as 
the 80C52. Each timer has an independent interrupt 
enable, flag, vector, and priority. The Watchdog Timer 
also has its own interrupt enable, flag, and priority. 

Timers 0, 1 , and 2 will set their respective flags when the 
timer overflows from a full condition, depending on its 
mode. This flag will be set regardless of the interrupt 
enable state. If the interrupt is enabled, this event will 
also cause a jump to the corresponding interrupt vector. 
For timers and 1 , the flags are cleared when the pro- 
cessor jumps to the interrupt vector. Thus these flags 
are not available for use by the interrupt service routine 
(ISR), but are available outside of the ISR and in 
applications that don't acknowledge the interrupt (i.e., 
jump to the vector). If the interrupt is not acknowledged, 
then software must manually clearthe flag bit. In timer 2, 
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jumping to the interrupt vector does not clear the flag, so 
software must always clear it manually. Timer and 1 
flag bits reside in the TCON register. Timer 2 flag bit 
resides in the T2CON register. The interrupt enables 
and priorities for timers 0, 1 , and 2 reside in the IE and IP 
registers respectively. 

The Watchdog Interrupt usually has a different connota- 
tion than the Timer interrupts. Unless the Watchdog is 
being used as a very long timer, the interrupt means the 
software has failed to reset the counter and may be lost. 
The ISR can attempt to determine the system state. If 
the Watchdog is not cleared, the CPU will be reset in 51 2 
clocks if EWT=1. Like other sources, the Watchdog 
Timer has a flag bit, an enable, and a priority. It also has 
its own vector. These are summarized in table 9-1 . 

Serial Communication Interrupts 

Each UART is capable of generating an interrupt. The 
UART has its own interrupt enable, vector, and priority. 
The UART differs from other sources as it has two flags. 
These are used by the ISR to determine whether the 
interrupt comes from a received word or a transmitted 
one. Unlike the timers, the UART flags are not altered 
when the interrupt is serviced. Software must change 
them manually. 

When a UART finishes the transmission of a word, an 
interrupt will be generated (if enabled). Likewise, the 
UART will generate an interrupt when a word is com- 
pletely received. The CPU will not be notified until the 
word is completely received or transmitted. 

Real-Time Clock 

The DS87C530 real-time clock (RTC) has the ability to 
assert an RTC interrupt if enabled. The alarm can be 
programmed for a specific time once per day, or can be a 
recurring alarm once per hour, minute, second, or sub- 
second. This interrupt has the lowest priority of all inter- 
rupts, but can be used to bring the device out of Stop 
mode if desired. More information on this interrupt can 
be found in Section 14. 

Power-fail Interrupt 

Some devices have the ability to generate an interrupt 
when Vcc drops below a predetermined level. These 
devices compare Vcc against an internal reference. If 
V C c drops below the level V PFW , an interrupt will result 
(if enabled). Note that the Power-fail Interrupt has the 



highest priority. The priority level cannot be altered by 
the user, but the interrupt can be disabled if not needed. 
The level of Vppw is provided in the data sheet specifi- 
cations associated with each product. Note that the 
EPFI bit enables the Power-fail Interrupt. This bit is not 
subject to the global interrupt enable (EA). The Power- 
fail interrupt is a level-sensitive interrupt and will remain 
set as long as Vcc remains below V PFW . 

Simulated Interrupts 

Software can simulate any interrupt source by setting 
the corresponding flag bit. This forces an interrupt 
condition which will be acknowledged if enabled and is 
otherwise indistinguishable from the real thing. Thus an 
interrupt flag bit should never be set to a logic 1 by soft- 
ware inadvertently. Once an interrupt has been 
acknowledged, software cannot prevent or end the 
interrupt by clearing its flag. However, if for some reason 
the interrupt acknowledge is delayed, software may 
clear the flag and thereby prevent the interrupt from 
occurring. One exception is the real-time clock inter- 
rupt flag, RTCIF, which cannot be set in software. 

INTERRUPT PRIORITIES 

The High-Speed Microcontroller has three interrupt 
priority levels. These are highest, high, and low. The 
Power-fail Interrupt is the only source that has highest 
priority and this level is fixed. The remaining sources are 
individually programmable to either high or low. Low 
priority is the default. A low priority interrupt can be inter- 
rupted by a high (or highest) priority interrupt. A high 
priority interrupt can only be interrupted by the Power- 
fail interrupt. 

When an interrupt occurs and is serviced, its priority 
determines if its ISR can be interrupted. No interrupt 
source of equal or lesser priority can interrupt another 
source. That is, an incoming interrupt must be of a 
higher priority than the one currently being serviced to 
have priority. 

If two interrupt sources of equal priority levels are 
requested simultaneously, the natural priority is used to 
arbitrate. The natural priority is given in Table 9-1 . Note 
that natural priority is only used to resolve simultaneous 
requests. Once an interrupt of a given priority is invoked, 
only a source that is programmed with a higher priority 
can intercede. 
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multiple machine cycles that begin with the setting of the 
associated flag. For edge triggered external interrupts 
and internal interrupt sources, the interrupt flags are set 
automatically by hardware. For level sensitive external 
interrupts, the flags are actually under control of the 
external signal, and the flag will rise and fall with the pin 
level. Each interrupt flag is sampled once per machine 
cycle. Later in the same machine cycle, the samples are 
polled by hardware. If the sample indicates a pending 
interrupt and the interrupt is enabled, then on the next 
machine cycle it will be acknowledged by the hardware 
forcing an LCALL to the appropriate vector address. 
This LCALL will occur unless blocked by one of the fol- 
lowing conditions. 

1 . An interrupt of equal or greater priority has already 
been invoked and the RETI instruction has not been 
issued to terminate it. 

2. The current machine cycle is not the final cycle in the 
execution of the current instruction. 

3. The instruction in progress is an RETI or an access 
to IP, IE, EIP, orEIE. 

The individual interrupt sources and associated enable 
and priority bits are shown in Figure 9-1 . While the final 
selection of the appropriate interrupt vector address is 
referred to as a polling process, this function is actually 



INTERRUPT LATENCY 

Interrupt response will require a varying amount of time 
depending on the state of the microcontroller when the 
interrupt occurs. If the microcontroller is performing an 
ISR with equal or greater priority, the new interrupt will 
not be invoked. In other cases, the response time 
depends on the current instruction. The fastest possible 
response to an interrupt is 5 machine cycles. This 
includes one cycle for detecting the interrupt and four 
cycles to perform the LCALL that is inherent in the inter- 
rupt request. The maximum response time (if no other 
interrupt is in service) occurs if the microcontroller is 
performing an RETI instruction, and then executes a 
MUL or DIV as the next instruction. From the time an 
interrupt source is activated (not detected), the longest 
reaction time is 1 3 machine cycles. This includes 1 cycle 
to detect the interrupt, 3 cycles to finish the RETI, 5 to 
perform the MUL or DIV, then 4 for the LCALL to the ISR. 

The maximum latency of 1 3 machine cycle is 52 clocks 
(13*4). Note that the maximum interrupt latency of an 
8051 is 96 clocks (8 machine cycles @ 12 clocks per 
machine cycle). The maximum latency for the High- 
Speed Microcontroller at 25 MHz is about 2 |is. The use 
of Power Management modes can further increase the 
interrupt latency. 
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INTERRUPT FUNCTIONAL DESCRIPTION Figure 9-1 




INDIVIDUAL GLOBAL 
ENABLES ENABLE 
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SECTION 10: PARALLEL I/O 

The High-Speed Microcontroller method of implement- 
ing I/O ports follows the standard 8051 convention. This 
provides backward compatibility with existing designs. 
All drive capabilities exceed or equal the original 80C32, 
and voltage levels are compatible. The transitions 
between strong and weak drives are similar but not 
identical. Differences are to accommodate higher 
speed timing and the associated demands on slew 
rates. As with any new technology, the High-Speed Mi- 
crocontroller should be evaluated in a system to see 
how subtle differences affect operation. 

The primary High-Speed Microcontroller configuration 
provides four 8-bit I/O ports. From a software perspec- 
tive, each port appears as Special Function Register 
(SFR) with a unique address. Each port register is ad- 
dressable as a byte or 8 individual bit locations. The 
CPU distinguishes between a bit access and a byte 
access by the instruction type. Except for the special 
cases mentioned below, the register and port pins have 
identical states. Thus reading or writing a port is the 
same as reading or writing the SFR for that port. 

The microcontroller will distinguish between port and 
bus operations automatically. If a memory fetch is 
decoded and requires external memory, Port and 2 will 
be driven as a bus with the associated timing and drive 
strengths. If either port SFR is accessed, the port pins 
will revert to the characteristics described above. This 
includes a strong pull-down, a strong pull-up for transi- 
tions, and a weak pull-up for static conditions. 

ROMIess versions of the High-Speed Microcontroller 
dedicate Port and 2 as the memory interface bus. The 
Port latch does not exist on ROMIess devices. The 
functions of these ports are described in more detail in 
the specific sections. 

PORTO 

General Purpose I/O 

Devices which have internal program memory have the 
ability to use Port as a general purpose I/O. Data writ- 
ten to the port latch serves to set both level and direction 
of the data on the pin. ROMIess devices do not contain a 
Port latch, because at no time can it be manipulated as 
a port. When used as an I/O port, it functions as an 
open-drain output. More detail on the functions of these 
pins is provided under the description of output and in- 
put functions in this section. 



Even if internal memory is present, the use of Port as 
general purpose I/O pins is not recommended if the de- 
vice will be used to access external memory. This is be- 
cause the state of the pins will be disturbed during the 
memory access. In addition, the pull-ups needed to 
maintain a high state during the use as general purpose 
I/O will interfere with the complementary drivers 
employed when the device operates as an expanded 
memory bus. 

Multiplexed Address/Data Bus ADO-7 

When used to address expanded memory, Port func- 
tions as a multiplexed address/data bus. Port must 
function as the address/data bus on ROMIess devices. 
Port pins have extremely strong drivers that allow the 
bus to move 1 00 pF loads with the timing shown in the 
electrical specifications. Special circuit protection al- 
lows these pins to achieve the maximum slew rate with- 
out ringing, eliminating excessive noise or interface 
problems. Users that compare the High-Speed Micro- 
controller family to 80C32 devices will find improved 
drive capability. This power is available for dynamic 
switching only, and should not be used to drive heavy 
DC loads such as LEDs. 

When used as an address bus, the AD0-7 pins will pro- 
vide true drive capability for both logic levels. No pull- 
ups are needed. In fact, pull-ups will degrade the 
memory interface timing. Members of the High-Speed 
Microcontroller family employ a two-state drive system 
on ADO-7. That is, the pin is driven hard for a period to 
allow the greatest possible setup or access time. Then 
the pin states are held in a weak latch until forced to the 
next state or overwritten by an external device. This 
assures a smooth transition between logic states and 
also allows a longer hold time. In general, the data is 
held (hold time) on ADO-7 until another device over- 
writes the bus. This latch effect is generally transparent 
to the user. 

PORT 2 

General Purpose I/O 

Devices which have internal program memory have the 
ability to use Port 2 for a general purpose I/O. Data writ- 
ten to the port latch serves to set both level and direction 
of the data on the pin. When used as an I/O port, it has 
complementary outputs that will drive both high and low 
logic levels. More detail on the functions of these pins is 
provided under the description of output and input func- 
tions in this section. 
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Even if internal memory is present, the use of Port 2 as 
general purpose I/O pins is not recommended if the de- 
vice will be used to access external memory. This is be- 
cause the state of the pins will be disturbed during the 
memory access. It is still possible, however, to use the 
Port 2 latch to hold the upper address byte for Register 
Indirect Addressing instructions. 

Most Significant Address Byte, A8-15 

When used to address expanded memory, Port 2 func- 
tions as the most significant byte of the address bus. 
Port 2 must function as the address bus on ROMIess de- 
vices. When serving as a bus, Port 2 will be driven with 
strong drivers at all times except immediately after the 
rising edge of PS EN. See Figure 5-3 and 5-4 for more 
details. 

PORTS 1 AND 3 

Ports 1 and 3 are general purpose I/O ports with optional 
special functions associated with each pin. Enabling the 
special function automatically converts the I/O pin to 
that function. To insure proper operation, each alternate 
function pin should be programmed to a logic 1. For 
example, enabling the U ART converts P3.0 and P3. 1 to 
the serial I/O functions. 

The drive characteristics of these pins do not change 
when the pin is configured for general I/O or as the spe- 
cial function associated with that pin. The exceptions 
are pins P3.6 and P3.7, which employ the current-lim- 
ited transition drivers described later when used as RD 
and WR signals. The drive characteristics of Port 1 and 
Port 3 are the same as for Port 2 (non-bus mode). That 
is, the logic is created by a strong pull-down. The logic 
1 is created by a strong transition pull-up that changes 
to a weak pull-up. 

Using one or more I/O pins of a port as special function 
pins will not effect the remaining port pins. An extreme 
example is as follows. P3.6 has the alternate function of 
WR and P3.7 of RD. These strobes are used for 
expanded data memory access. If a system used only 
the RD signal, then P3.6 would still be available as an 
I/O port. This is not a practical suggestion, but it illus- 
trates how the special functions are independent. 



A more practical application is the optional use of an 
interrupt. If INTO (P3.2) is enabled, then an externally 
imposed logic will cause an interrupt. By then disab- 
ling the INTO, P3.2 can be used as a general purpose 
I/O pin. This allows the INTO to be used to "wake-up" the 
system, but does not eliminate another use of the pin. 

OUTPUT FUNCTIONS 

Although 8051 I/O ports appear to be true I/O, their out- 
put characteristics are dependent on the individual port 
and pin conditions. When software writes a logic to the 
port for output, the port is pulled to ground. When soft- 
ware writes a logic 1 to the port for output, Ports 1 ,2, or 3 
will drive weak pull-ups (after the strong transition from 

to 1 ). Port will go tri-state. Thus as long as the port is 
not heavily loaded, true logic values will be output. DC 
drive capability is provided in the electrical specifica- 
tions. Note that the DC current available from an I/O port 
pin is a function of the permissible voltage drop. 

Transition current is available to help move the port pin 
from a to a 1 . Since the logic driver is strong, no addi- 
tional drive current is needed in the 1 to direction. The 
transition current is applied when the port latch is 
changed from a logic to a logic 1 . Simply writing a logic 

1 where a 1 was already in place does not change the 
strength of the pull-up. This transition current is applied 
for a one half of a machine cycle. The absolute current is 
not guaranteed, but is approximately 2 mA at 5V. 

When serving as an I/O port, the drive will vary as fol- 
lows. For a logic 0, the port will invoke a strong pull- 
down. For a logic 1 , the port will invoke a strong pull-up 
for two oscillator cycles to assist with the logic transition. 
Then, the port will revert to a weak pull-up. This weak 
pull-up will be maintained until the port transitions from 
a 1 to a 0. The weak pull-up can be overdriven by exter- 
nal circuits. This allows the output 1 state to serve as the 
input state as well. 

Substantial DC current is available in both the high and 
low levels. However, the power dissipation limitations 
make it inadvisable to heavily load multiple pins. In gen- 
eral, sink and source currents should not exceed 1 mA 
total per port (8 bits) and 25 mA total per package. 
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special circuitry to limit the current consumed by the de- 
vice when the expanded memory bus is used. These 
signals employ current-limited drivers which "step" the 
transition from a logic to a logic 1 to reduce ringing and 
electromagnetic interference. When expanded memory 
operations are in progress, the following pins will exhibit 
the current-limiting feature: 

PortO 
Port 2 

PSEN (During program memory accesses) 
ALE 

RD (During data memory read cycles) 
WR (During data memory write cycles) 

INPUT FUNCTIONS 

The input state of the I/O ports is the same as that of the 
output logic 1 . That is, the pin is pulled weakly to a logic 
1. This 1 state is easily overcome by external compo- 
nents. Thus, after software writes a 1 to the port pin, the 
port is configured for input. When the port is read by soft- 
ware, the state of the pin will be read. The only exception 
is the read-modify-write instructions described below. 
If the external circuit is driving a logic 1 , then the pin will 
be a logic 1 . If the external circuit is driving a 0, then it will 
overcome the internal pull-up. Thus the pin will be the 
same as the driven logic state. Note that the port latch is 
not altered by a read operation. Therefore, if a logic is 
driven onto a port pin from an external source, then 
removed, the pin will revert to the weak pull-up as deter- 
mined by the internal latch. 



out regard to the output data latch. The only exception is 
the read-modify-write category of instructions. They 
are listed as follows. 

INSTRUCTION DESCRIPTION 



ANL Logical AND 

ORL Logical OR 

XRL Logical Exclusive OR (XOR) 

JBC Branch if bit set then clear bit 

CPL Complement bit 

INC Increment 

DEC Decrement 

DJNZ Decrement and branch if not zero 

MOV PX.n, C Move the carry bit to bit n of port X 

CLR PX.n Clear bit n of port X 

SETB PX.n Set bit n of port X 



The read-modify-write instructions read the state of the 
latch, then write back the result to the latch. Thus the 
operation takes place using the value that was originally 
written to the SFR, without regard to the pin state. The 
last three instructions listed above are read-modify- 
write because they read the entire port latch, then write 
back the changed value. In this case, only one bit will be 
changed as specified by the instruction. 

I/O PORT TIMING 

Figure 10-1 shows when port pins change in relation- 
ship to instruction timing. The example shown uses a 
MOV command to change P1 .0 from a logic 1 to a logic 
0. This diagram is presented to aid the designer in deter- 
mining the timing relationship for very critical designs. 
Most designers will not need to consider this much de- 
tail. 
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I/O PORT TIMING FOR MOV INSTRUCTION Figure 10-1 

Last Cycle of MOV Cycle 2 First NOP cycle 

L — Previous Instr. & -*±m MOV Cycle 1 » L — & First NOP » U & second NOP —*\ 

MOV prefetch I I prefetch I prefetch I 



C1 C2 C3 C4 C1 C2 C3 C4 C1 C2 C3 C4 C1 C2 C3 C4 



ALE I 



PSEN 



ADO-AD7 




*DV 




A0-A7) \ D0-D7 





3- 



MOV MOV MOV MOV First NOP First NOP Second NOF Second NOP 

Opcode Instruction Operand Instruction Instruction Instruction Instruction Instruction 
Address Opcode Address Operand Address Opcode Address Opcode 



PORT 2 



A8-A15 



I 



A8-A15 



X 



A8-A15 



I 



A8-A15 



J 



OPTIONAL FUNCTIONS 

Every port pin on the High-Speed Microcontroller has 
an optional special function. These functions are indi- 
vidually selectable. They can also be turned on and off 
dynamically to suit the application. The optional function 
for each port pin is described briefly below. More 
information about each optional function is available in 
the section dealing with that function. 

PO.O ADO.O Multiplexed Address/data bus 

P2.0 A8 MSB Address bus 

P0.1 AD0.1 Multiplexed Address/data bus 

P2.1 A9 MSB Address bus 

P0.2 AD0.2 Multiplexed Address/data bus 

P2.2 A1 MSB Address bus 

P0.3 AD0.3 Multiplexed Address/data bus 

P2.3 A11 MSB Address bus 

P0.4 AD0.4 Multiplexed Address/data bus 

P2.4 A12 MSB Address bus 

P0.5 AD0.5 Multiplexed Address/data bus 



P2.5 A1 3 MSB Address bus 

P0.6 ADO. 6 Multiplexed Address/data bus 

P2.6 A14 MSB Address bus 

P0.7 AD0.7 Multiplexed Address/data bus 

P2.7 A1 5 MSB Address bus 

P1 .0 T2 Timer 2 output pulse 

P3.0 RXDO Serial Receive UARTO 

P1 .1 T2EX Timer 2 capture/reload input 

P3. 1 TXDO Serial Transmit UARTO 

P1 .2 RXD 1 Serial Receive UART1 

P3.2 INTO External Interrupt active low 

P1 .3 TXD1 Serial Transmit UART1 

P3.3 INT1 External Interrupt 1 active low 

P1 .4 INT2 External Interrupt 2 rising edge active 

P3.4 TO Ti mer input 

P1 .5 INT3 External Int. 3 falling edge active 

P3.5 T1 Timer 1 input 

P1 .6 INT4 External Interrupt 4 rising edge active 

P3.6 WR W rite strobe 

P1 .7 INT 5 External Int. 5 falling edge active 

P3.7 RD Read strobe 
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SECTION 11: PROGRAMMABLE TIMERS 

All members of the High-Speed Microcontroller family 
incorporate three 16-bit programmable timers and 
some also have a Watchdog Timer with a program- 
mable interval. Because the Watchdog Timer is signifi- 
cantly different from the othertimers, it is described sep- 
arately. The 16-bit Timers are referred to simply as 
timers. 

In most modes, the timers can be used as either count- 
ers of external events or timers. When functioning as a 
counter, 1 to transitions on a port pin are monitored 
and counted. When functioning as timers, they effec- 
tively count oscillator cycles. The time base for the timer 
function is the main oscillator clock divided by either 4 or 
12. This selection is described below. 

The three timers are compatible with the 80C32. That is, 
they offer the same controls and I/O functions that were 



available in the 80C32. As mentioned above, the actual 
timing of these functions is user selectable to be com- 
patible with the machine cycle of the older generation of 
8051 family (1 2 clocks per tick) or the new generation (4 
clocks per tick). The timing for each of the three timers 
can be selected independently and can be changed 
dynamically. Each timer has 4 primary modes as dis- 
cussed below. 

The Watchdog Timer Reset provides CPU monitoring 
by requiring software to clear the timer before the user 
selected interval expires. If the Timer is not cleared, the 
CPU will be reset by the Watchdog. The Watchdog func- 
tion is optional and is described below. Since the High- 
Speed Microcontroller timers have a variety of features, 
the following summary table shows the capabilities. 



Timer 

13-bit Timer/counter 
16-bit Timer/counter 
8-bit Timer w/ Auto-reload 
Two 8-bit Timer/counters 
External control pulse timer/counter 



Timer 1 

13-bit Timer/counter 
16-bit Timer/counter 
8-bit Timer w/ Auto-reload 
External control pulse timer/counter 
Baud rate generator 



Timer 2 

16-bit Timer/counter 

16-bit Timer with capture 

1 6-bit Auto-reload Timer/counter 

16-bit up/down auto-reload 

Timer/counter 

Baud rate generator 

Timer output clock generator 



16-BIT TIMERS 

Timers and 1 are nearly identical. Timer 2 has several 
additional features such as up/down counting, capture 
values and an optional output pin that make it unique. 
Timers and 1 are described first. Timer 2 is described 
separately. As mentioned above, the time base for each 
timer can be varied and this is also discussed in more 
detail below. 

Timer and 1 both have four operating modes. They are 
13-bit timer/counter, 16-bit timer/counter, 8-bit timer/ 
counter with auto- reload, and two 8-bit timers. The lat- 
ter mode is available to Timer only. These modes are 
controlled by the TMOD register. Each timer can also 



serve as a counter of external pulses (1 to transition) 
on the corresponding Tn pin. This selection is controlled 
by the TMOD register. One other option is to gate the 
timer/counter using an external control signal. This 
allows the timer to measure the pulse width of external 
signals. Timers and 1 are enabled using the TCON 
register which is also the location of their flags. The reg- 
isters are described below. Following this is a detailed 
explanation of the four operating modes. 

Each timer consists of a 16-bit register in two bytes. 
These are called TLO, THO, TL1 , and TH1 . As shown, 
each timer is broken into low and high bytes. Software 
can read or write any of these locations at any time. 
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TMOD REGISTER SUMMARY 



TIMER MODE CONTROL 

TMOD.7 



TMOD.6 



TMOD.3 

TMOD.2 

TMOD.1 
TMOD.O 



TMOD; 89h 

GATE -Timer 1 GATE control. When GATE=1, Timer 1 will clock only when 
INT1 and TR1 =1 . When GATE=0, Timer 1 will clock only when TR1 =1 irre- 
spective of INT1. 

C/T- Counter/Timer select. When C/T is set to a 0, Timer 1 is incremented 
by internal clocks. When C/T is set to a 1 , Timer 1 counts based on the T1 





(P3.5) pin. 




TMOD.5 


M1 


- Timer 1 


Mode select bit 1 . 


TMOD.4 


MO 


- Timer 1 


Mode select bit 0. 




M1 


MO 


Mode 










Mode : 8— bits with 5-bit prescale 







1 


Mode 1 : 16-bits 




1 





Mode 2 : 8-bits with auto-reload 




1 


1 


Mode 3 : Timer 1 stopped 



GATE -Timer GATE control. When GATE=1 , Timer will clock only when 
INTO and TRO =1 . When GATE=0, Timer will clock only when TR0=1 irre- 
spective of INTO. 

C/T - Counter/Timer select. When C/T is set to a 0, Timer is incremented 
by internal clocks. When C/T is set to a 1 , Timer counts based on the TO 
(P3.4) pin. 

M1 - Timer Mode select bit 1 . 
MO - Timer Mode select bit 0. 



M1 


MO 


Mode 










Mode 


: 8-bits with 5-bit prescale 





1 


Mode 1 


16-bits 


1 





Mode 2 


8-bits with auto-reload 


1 


1 


Mode 3 


: Timer is two 8-bit timers 
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TIMER/COUNTER TCON; 88h 

CONTROL 

TCON. 7 TF1 - Timer 1 overflow flag. Set to one when Timer 1 overflows from FFh, 

and cleared when the processor vectors to the interrupt service routine. 

TCON.6 TR1 - Timer 1 run control. Turns on Timer 1 when this bit is set. 

TCON. 5 TFO - Timer overflow flag. Set to one when Timer overflows from FFh, 

and cleared when the processor vectors to the interrupt service routine. 

TCON.4 TRO - Timer run control. Turns on Timer when this bit is set to a one. 

TCON.3 IE1 - Interrupt 1 edge detect. Set by hardware when an edge/level is 

detected on INT1. 

TCON. 2 IT1 - Interrupt 1 type select. INT1 detects a falling edge when this bit is set to 

a 1. INT1 detects a low level when this bit is a 0. 

TCON.1 IE0 - Interrupt edge detect. Set by hardware when an edge/level is 

detected on INTO. 

TCON.O ITO - Interrupt type select. INTO detects a falling edge when this bit is set to 

a 1 . INTO detects a low level when this bit is a 0. 



MODE 

Mode configures either Timer or Timer 1 for opera- 
tion as a 1 3-bit Timer/Counter. As shown in figure 11-1, 
bits M1=0 and M0=0 of the TMOD register select this 
operating mode. 

When using Timer 0, TLO uses only bits 0-4. These bits 
serve as the 5 LSbs of the 1 3-bit timer. THO provides the 
8 MSbs of the 1 3-bit timer. Bit 4 of TLO is used as a ripple 
out to THO bit 0, thereby completely bypassing bits 5 
through 7 of TLO. Once the timer is started using the 
TRO (TCON.4) timer enable, the timer will count as long 
as GATE (TMOD.3) is or GATEis 1 and pin INTO is 1 . It 
will count oscillator cycles if C/f (TMOD. 2) is set to a 
logic and 1 to transitions on TO (P3.4) if C/T is set to a 
1 . When the 1 3-bit count reaches 1 FFFh (all ones), the 
next count will cause it to roll over to OOOOh. The TFO 
(TCON. 5) flag will be set and an interrupt will occur if 
enabled. The upper three bits of TLO will be indetermi- 
nate. 

Note that when used as a timer, the time base may be 
either oscillator cycles/12 or oscillator cycles/4 as 



selected by bits TnM (n=0 or 1 ) of the CKCON register. 
This feature is described in more detail below. 

Mode operates identically when Timer 1 is used. The 
same information applies to TL1 and TH1, which form 
the 13-bit register. TR1 (TCON.6), INTI (P3.3), T1 
(P3.5), and the relevant C/T (TMOD.6) and GATE 
(TMOD. 7) bits have the same functions. 

MODE 1 

Mode 1 configures the timer for 16-bit operation as 
either a timer or counter. Figure 11-1 shows that bits 
M1=0 and M0=1 of the TMOD register select this oper- 
ating mode. For Timer n, all of the TLn and THn registers 
are used. For example, if Timer 1 is configured in mode 
1 , then TL1 holds the LSB and TH 1 holds the MSB. Rol- 
lover occurs when the timer reaches FFFFh. An inter- 
rupt will also occur if enabled and the relevant TFn flag is 
set. Timebase selection, counter/timer selection, and 
the gate function operate as described in mode 0. 
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TIMER/COUNTER AND 1 MODES AND 1 Figure 11-1 



TOM = CKCON.3 
(T1M = CKCON4) 



OSC INPUT TO TIMER 
P,l K MODF TIMER INPUT 



DIVIDE BY 4 
PMM1. 
PMM2 



OSC/1 
OSC/16 
OSC/256 



T0 = P3.4 ,— , 
(T1 =P3.5)LJ- 



TRO = TCON.4 
(TR1 =TCON.6)" 



GATE = TMOD.3 
(GATE = TMOD.7) 

INT0=P3.2 
(INT1=P3.3) LJ— 



DIVIDE 
BY 12 



L DIVIDE 
BY 4 



C/T=TMOD.2 
(C/T=TMOD.6) 



TLO 
(TL1) 
4 



* I I I I.I I 



THO 
(TH1) 

TTT 



1 



MODE 

M1,MO = TMOD.1,TMOD.O 
(M1,M0 = TMOD.5,TMOD.4) 

MODE 1 



lh 



TFO = TCON.5 
(TF1 = TCON.7) 



INTERRUPT 



TIMER 1 FUNCTIONS 
SHOWN IN PARENTHESIS () 



MODE 2 

This mode configures the timer as an 8-bit timer/ 
counter with automatic reload of the start value. This 
configuration is shown in Figure 11-2, and is selected 
when bits M1and MO of the TCON register are set to 1 
and respectively. When configured in Mode 2, the 
timer uses TLn to count and THn to store the reload 
value. Software must initialize both TLn and THn with 
the same starting value for the first count to be correct. 



Once the TLn reaches FFh, it will be automatically 
loaded with the value in THn. The THn value remains 
unchanged unless modified by software. Mode 2 is 
commonly used to generate baud rates since it runs 
without continued software intervention. As in modes 
and 1 , mode 2 allows counting of either oscillator cycles 
(crystal/12 or crystal/4) or pulses on pin Tn (C/T=1) 
when counting is enabled by TFtn and the proper setting 
of GATE and INTn pins. 



TIMER/COUNTER AND 1 MODE 2 Figure 11-2 



TOM = CKCON.3 
(T1M = CKCON.4) 



OSC INPUT TO TIMER 
CJ K MODF TIMER INPUT 



DIVIDE BY 4 OSC/1 
PMMt OSC/16 
PMM2 OSC/256 



TO = P3.4 ._, 
(T1 = P3.5) L_|- 



TRO= TCON.4 
(TR1 = TCON .6) 



GATE = TMOD.3 
(GATE = TMOD.7) 



JNT0=P3.2 r~l_ 
(INT1=P3.3) L - r 



DIVIDE 
BY 12 



DIVIDE 
BY 4 



C/I=TMOD.2 
(C/T=TMOD.6) 



MT1 



TLO 
(TL1) 



4 


1 1 h 


A 





1 1 1 



RELOAD 



THO 
(TH1) 



TFO = TCON.5 
(TF1 = TCON.7) 



INTERRUPT 



TIMER 1 FUNCTIONS 
SHOWN IN PARENTHESIS () 
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MODE 3 

This mode provides an 8-bit timer/counter and a 
second 8-bit timer as indicated in Figure 11-3. In Mode 
3, TLO is an 8-bit timer/counter controlled by the normal 
Timer bits (TR0=TCON.4 and TF0=TCON.5). TLO can 
be used to count oscillator cycles (crystal/12 or crys- 
tal/4) or 1 to transitions on pin TO as determined by C/T 
(TMOD.2). As in the other modes, the GATE function 



can use INTO to give external run control of the timer to 
an outside signal. 

THO becomes an independent 8-bit Timer in Mode 3, 
however it can only count oscillator cycles (divided by 
12 or 4) as shown in the figure. In this mode, some of 
Timer 1's control signals are used to manipulate THO. 
That is, TR1 (TCON.6) and TF1 (TCON.7) become the 
relevant control and flag bits associated with THO. 



TIMER/COUNTER MODE 3 Figure 11-3 



OSC INPUT TO TIMER 
CL K M ODE TIMER INPUT 



DIVIDE BY 4 OSC/1 
PMMt OSC/16 
PMM2 OSC/2S6 



TRO = TCON.4 

GATE =TMOD.3 
iNT0=P3.2 r~ j. 

TR1 = TCON.6 



TOM = CKCON.3 






INTERRUPT 



INTERRUPT 



THO 



In Mode 3, Timer 1 stops counting and holds its value. 
Thus Timer 1 has no practical application while in Mode 
3. 

As mentioned above, when Timer is in Mode 3, it uses 
some of Timer 1's resources (i.e., TR1 and TF1). Timer 
1 can still be used in Modes 0, 1 , and 2 in this situation, 
but its flexibility becomes somewhat limited. While it 
maintains its basic functionality, its inputs and outputs 
are no longer available. Therefore when Timer is in 
Mode 3, Timer 1 can only count oscillator cycles, and it 
does not have an interrupt orflag. With these limitations, 



baud rate generation is its most practical application, 
but other time-base functions may be achieved by read- 
ing the registers. 

TIMER 2 

Like Timers and 1 , Timer 2 is a full function timer/ 
counter, however it has several additional capabilities 
that make it more useful. Timer 2 has independent con- 
trol registers in T2CON and T2MOD, and is based on 
count registers TL2 and TH2. All of these registers are 
described in detail below. 
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T2CON REGISTER SUMMARY 



TIMER TWO CONTROL 

T2CON.7 



T2CON.6 



T2CON.5 



T2CON.4 



T2CON.3 



T2CON.2 



T2CON.1 



T2CON.0 



T2CON; C8h 

TF2 - Timer 2 Overflow Flag. Hardware will set TF2 when the Timer 2 over- 
flows from FFFFh or from the count equal to the capture register in down count 
mode. It must be cleared to by software. TF2 will only be set to a 1 if RCLK 
and TCLK are both cleared to a 0. 

EXF2 -Timer 2 External Flag. Hardware will set EXF2 when a reload or cap- 
ture is caused by a falling transition on the T2EX pin (P1 . 1 ). EXEN2 must be 
set for this function. This flag must be cleared to by software. Writing a one 
to this bit will force a timer interrupt if enabled. 

RCLK - Receive Clock Flag. This bit determines whether Timer 1 or 2 is 
used for Serial Port timing of received data in Serial Modes 1 or 3. RCLK =1 
causes Timer 2 overflow to be used as the receive clock. RCLK=0 causes 
Timer 1 overflow to be used as the receive clock. 

TCLK - Transmit Clock Flag. This bit determines whether Timer 1 or 2 is 
used for Serial Port timing of Transmit data in Serial Modes 1 or 3. TCLK=1 
causes Timer 2 overflow to be used as the transmit clock. TCLK=0 causes 
Timer 1 overflow to be used as the transmit clock. 

EXEN2 - Timer 2 External Enable. Setting this bit to a 1 allows a capture or 
reload to occur as a result of a falling transition on T2EX (P1 .1 ), if Timer 2 is 
not generating baud rates for the serial port. EXEN2=0 causes Timer 2 to 
ignore all external events at T2EX. 

TR2 - Timer 2 run. Setting this bit to a 1 starts Timer 2. Setting it to a stops 
Timer 2. 

CU2 - Counter/Timer Select. Setting this bit to a selects a timer function 
for Timer 2. Setting it to a 1 selects a counter of falling transitions on T2 
(P1 .0). Timer 2 runs at 4 clocks per tick or 1 2 clocks per tick as programmed 
by CKCON.5. Independent of this bit, Timer 2 also runs at 2 clocks per tick 
when used in either baud-rate generator or clock output mode. 

CP/RL2 - Capture/Reload Flag. When this bit is set to 1 , Timer 2 captures 
will occur on 1 to transitions of T2EX (P1 . 1 ) if EXEN2=1 . When this bit is set 
to 0, auto-reloads will occur when Timer 2 overflows or when 1 to transi- 
tions occur on T2EX if EXEN2=1 . If either RCLK or TCLK is set to a 1 this bit 
will not function and the timer will function in an auto-reload mode following 
each overflow. 



042595 108/149 



109 



TIMER TWO MODE T2MOD; C9h 

CONTROL 



T2MOD.7-2 Reserved 

T2MOD.1 T20E - Timer 2 Output Enable. Setting this bit to a 1 enables the Timer 2 to 

drive the T2 (P1 .0) pin with a clock output. When T2OE=0, the T2 (P1 .0) pin 
is used as either an input for Timer 2 or a standard port pin. 

T2MOD.0 DCEN - Down Count Enable. When this bit is set to 1 , the Timer 2 function 

counts up or down when in 16-bit auto-reload mode depending on T2EX 
(P1.1). When DCEN is set to a 0, the Timer 2 counts up only. 



This register is used to capture the TL2 value when Timer 2 is configured in 
capture mode. RCAP2L is also used as the LSB of a 16-bit reload value 
when Timer 2 is configured in auto-reload mode. 

RCAP2H; CBh 
2 

This register is used to capture the TH2 value when Timer 2 is configured in 
capture mode. RCAP2H is also used as the MSB of a 16-bit reload value 
when Timer 2 is configured in auto-reload mode. 



TIMER 2 CAPTURE REGISTERS SUMMARY 

LEAST SIGNIFICANT RCAP2L; CAh 
BYTE CAPTURE OF TIMER 2 

RCAP2L.7-0 



MOST SIGNIFICANT 
BYTE CAPTURE OF 

RCAP2H.7-0 



TIMER 2 MODES 

As is seen in the register descriptions, Timer 2 has sev- 
eral abilities not found in Timers and 1 . However, it 
does not offer the 13-bit and dual 8-bit modes. Thus it 
runs in 1 6-bit mode at all times. Also note that instead of 
offering an 8-bit auto-reload mode, Timer 2 has a 
1 6-bit auto-reload mode. This mode uses the Timer 
Capture registers to hold the reload values. The modes 
available on Timer 2 are described below. 

16-bit Timer/Counter 

In this mode, Timer 2 performs a simple timer or counter 
function where it behaves similarly to mode 1 of Timers 
and 1 , but uses 16 instead of 8 bits. This mode, along 
with the optional capture mode described below, is illus- 



trated in Figure 11-4. The 1 6-bit count values are found 
in TL2 and TH2 Special Function Registers (addresses 
OCCh and OCDh respectively). The selection of whether 
a Timer or Counter function is performed is made using 
the bit C/T2 (T2CON.1). When C/T2 is set to a logic 1 , 
Timer 2 behaves as a counter where it counts 1 to tran- 
sitions at the T2 (P1 .0) pin. When C/T2 is set to a logic 0, 
Timer 2 functions as a timer where it counts the oscilla- 
tor cycles divided by either 1 2 or 4 as determined by bit 
T2M (T2CON.5). Timing or counting is enabled by set- 
ting bit TR2 (T2CON.2) to 1 , and disabled by setting it to 
0. When the counter rolls over from FFFFh to OOOOh, the 
TF2 flag (T2CON.7) is set and will cause an interrupt if 
Timer 2's interrupt is enabled. 
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16-bit Timer with Capture 

A diagram of Timer 2's Capture Mode is shown in Figure 
11-4. In this mode, the timer performs basically the 
same 1 6-bit timer/counter function described above. 
However, a 1 to transition on T2EX (pin P1 .1 ) causes 
the value in Timer 2 to be transferred into the capture 
registers if enabled by EXEN2 (T2CON.3). The capture 
registers, RCAP2L and RCAP2H, correspond to TL2 



and TH2 respectively. The capture function is enabled 
by the CP/RL2 (T2CON.0) bit. When set to a logic 1 , the 
timer is in capture mode as described. When set to a 
logic 0, the timer is in auto-reload mode described later. 
As was possible with Timers and 1 , the timebase for 
Timer 2 may be selected to be oscillator cycles divided 
by either 12 or 4 when in this mode. 



TIMER/COUNTER 2 WITH OPTIONAL CAPTURE Figure 11-4 

T2M = CKCON.5 
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16-bit Auto-reload Timer/Counter 

This mode is illustrated in Figure 11 -5a. When Timer 2 
reaches an overflow state, i.e., rolls over from FFFFhto 
0000, it will set the TF2 Flag. This flag can generate an 
interrupt if enabled. In addition, the timer will restore its 
starting value and begin timing (or counting) again. The 
starting value is preloaded by software into the capture 
registers RCAP2L and RCAP2H. These registers can- 
not be used for capture functions while also performing 
auto-reload, so these modes are mutually exclusive. 
Auto-reload is invoked by the CP/RL2 (T2CON.0) bit. 
When set to a logic 0, the timer is in auto- reload mode. 
When CP/RL2 is set to a logic 1 , the timer is in capture 
mode described above. If the oscillator timebase is used 



(C/T2=T2CON.1=0), the timer's input may be selected 
to be oscillator cycles divided by either 1 2 or 4 as deter- 
mined by T2M (CKCON.5). Otherwise, pulses on pin T2 
(P1.0) are counted when C/T2=1. As in other modes, 
Counting or timing is enabled or disabled with TR2 
(T2CON.2). 

When in auto-reload mode, Timer 2 can also be forced 
to reload with the T2EX (P1 . 1 ) pin. A 1 to transition will 
force a reload if enabled by the EXEN2 (T2CON.3) bit. If 
EXEN2 is set to a logic 1 , then a 1 to transition on T2EX 
will cause a reload. Otherwise, the T2EX pin will be 
ignored. 
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TIMER/COUNTER 2 AUTO RELOAD MODE Figure 11-5 

(a) DCEN=0 
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Up/Down Count Auto-reload Timer/Counter 

When operating in auto-reload mode, Timer 2 can also 
function as an up/down auto-reload counter. This 
option is selected by the DCEN (T2MOD.0) bit, and is 
illustrated in Figure 11-5b. When DCEN is set to a logic 
1 , Timer 2 will count up or down as controlled by the 
state of pin T2EX (P1 . 1 ). T2EX will cause upward count- 
ing when a logic 1 is applied and down counting when a 
logic is applied. When DCEN=0, Timer 2 only counts 
up. 

When an overflow occurs in the upward counting direc- 
tion, the value in RCAP2L and RCAP2H will be loaded 
into T2L and T2H respectively. In the down count direc- 
tion, an underflow occurs when the values in T2L and 
T2H match the values in RCAP2L and RCAP2H respec- 
tively. When an underflow occurs, FFFFh is loaded into 
T2L and T2H and counting continues. 

Note that in this mode, the overflow/underflow output of 
the timer is provided to an edge detection circuit as well 
as to the TF2 bit (T2CON.7). This edge detection circuit 
toggles the EXF2 bit (T2CON.6) on every overflow or 
underflow. Therefore, the EXF2 bit behaves as a seven- 
teenth bit of the counter, and may be used as such. 

Baud Rate Generator 

Timer 2 can be used to generate baud rates for Serial 
Port in serial modes 1 or 3. Baud rate generator mode 



is invoked by setting either the RCLK or TCLK bit in the 
T2CON register to a logic 1, as illustrated in Figure 11- 
6. In this mode, the timer continues to function in auto- 
reload mode, but instead of setting the interrupt flag T2F 
(T2CON.7) and potentially causing an interrupt, the 
overflow is used to generate the shift clock for the serial 
port function. As in normal auto-reload mode, an over- 
flow causes the values previously loaded into RCAP2L 
and RCAP2H to be transferred into T2L and T2H 
respectively. Note that when RCLK or TCLK is set to 1 , 
the Timer 2 is forced into 16-bit auto-reload mode 
regardless of the CP/RL2 bit. 

As explained above, the timer itself cannot set the T2F 
interrupt flag and therefore cannot generate an inter- 
rupt. However if EXEN2 (T2CON.3) is set to 1 , a 1 to 
transition on the T2EX (P1.1) pin will cause the EXF2 
(T2CON.6) interrupt flag to be set. If enabled, this will 
cause a Timer 2 Interrupt to occur. Therefore in this 
mode, the T2EX pin may be used as an additional exter- 
nal interrupt if desired. 

Another somewhat unique feature of the baud rate gen- 
erator mode is that the crystal derived timebase for the 
timer is the crystal frequency divided by 2. No other 
crystal divider selection is possible. If a different time- 
base is desired, bit C/T2 (T2CON.1 ) may be set to a 1 
allowing the timebase to be derived from an external 
clock source supplied by the user on pin T2 (P1 .0). 



TIMER/COUNTER 2 BAUD RATE GENERATOR MODE Figure 11-6 
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Timer 2 can also be configured to drive a clock output on 
port pin P1 .0 (T2) as shown in Figure 1 1 -7. To configure 
Timer 2 for this mode, first it must be set to 1 6-bit auto- 
reload timer mode (CP/RL2=0, C/T2=0). Next, the 
T20E (T2MOD.1) bit must be set to a logic 1. TR2 
(T2CON.2) must also be set to a logic 1 to enable the 
timer. 

This mode will produce a 50% duty cycle square wave 
output. The frequency of the square wave is given by the 
formula in the figure. Each timer overflow causes an 
edge transition on the pin, i.e., the state of the pin 
toggles. 



in common with the baud rate generation mode. First, 
the timebase is the crystal frequency divided by 2, and 
no other divider selection is possible. Second, the timer 
itself will not generate an interrupt, but if needed, an 
additional external interrupt may be caused using T2EX 
as described above. Because of the two mode's similar- 
ities, the timer can be used to generate both an external 
clock and a baud rate clock simultaneously. Once the 
clock out mode is established, either TCLK or RCLK is 
set to 1 , and the RCAP2 registers are loaded, the timer 
will provide a clock to both functions. 



TIMER/COUNTER 2 CLOCK OUT MODE Figure 11-7 
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TIME-BASE SELECTION 

The High-Speed Microcontroller allows the user to 
select either 4 or 12 clocks as the time-base for each 
timer independently. When using the 16-bit Timer/ 
Counters in timer mode, the timer/counter counts the 
oscillator cycles divided by a predetermined number. In 
the standard 8051 , the 8051 timers count the oscillator 
divided by 1 2, which is the standard 8051 machine cycle 
timing. The High-Speed Microcontroller allows the op- 
tion of setting the timers to operate from a divide by 4 of 
the input clock to allow higher precision timing and fast- 
er baud rates. This selection has no effect on CPU tim- 
ing, only on the timers. Following a reset, the timers de- 



fault to 12 clocks as the time-base to remain drop— in 
compatible with the original 8051 . 

The 4 or 1 2 clock decision is independent for each timer 
and the default is 1 2 clocks per timer tick. As an exam- 
ple, a user might select both the baud rate generator 
timer and one other timer to run at 12 clocks per timer 
tick with the third timer at 4 clocks per tick. This allows 
one timer to measure higher speed events or to gain 
better resolution. The control bits for the time-base 
selection are located in the Clock Control register 
(CKCON;8Eh). Timer 2 will function at 2 clocks per tick 
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when set for baud rate generation or clock output as 
described above. 

The use of Power Management modes will affect the in- 
put clock to the timer as shown in the illustrations. In 
general, they will divide the input clock by either 16 or 
256 for PMM1 and PMM2, respectively. Timer 2, when 
operating in Baud Rate Generator or Clock Out mode 
normally uses the input clock frequency divided by 2, 
but when PMM1 and PMM2are used, it will operate from 
a time-base of the input clock divided by 32 and 51 2, re- 
spectively. 



event timer, or a system supervisor. As can be seen in 
the diagram of Figure 11-8, the timer is driven by the 
main system clock that is supplied to a series of dividers. 
The divider output is selectable, and determines the 
interval between time-outs. When the time-out is 
reached, an interrupt flag will be set, and if enabled, a 
reset will occur. The interrupt flag will cause an interrupt 
to occur if its individual enable bit is set and the global 
interrupt enable is set. The reset and interrupt are com- 
pletely discrete functions that may be acknowledged or 
ignored, together or separately for various applications. 



WATCHDOG TIMER 

The Watchdog Timer is a user programmable clock 
counter that can serve as a time-base generator, an 

WATCHDOG TIMER Figure 11-8 
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The Watchdog Timer Reset function works as follows. 
After initializing the correct time-out interval (discussed 
below), software first restarts the Watchdog using RWT 
(WDCON.O) and then enables the reset mode by setting 
the Enable Watchdog Timer Reset (EWT=WDCON.1) 



bit. At any time prior to reaching its user selected termi- 
nal value, software can set the Reset Watchdog Timer 
(RWT=WDCON.O) bit. If RWT is set before the time-out 
is reached, the timer will start over. If the time-out is 
reached without RWT being set, the Watchdog will reset 
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the CPU. Hardware will automatically clear RWT after 
software sets it. When the reset occurs, the Watchdog 
Timer Reset Flag (WTRF=WDCON.2) will automati- 
cally be set to indicate the cause of the reset, however 
software must clear this bit manually. 

The Watchdog Timer is a free running timer. When used 
as a simple timer with both the reset and interrupt func- 
tions disabled (EWT=0 and EWDI=0), the timer will con- 
tinue to set the Watchdog Interrupt flag each time the 
timer completes the selected timer interval as pro- 
grammed by WD1 (CKCON.7) and WD2 (CKCON.6). 
Restarting the timer using the RWT (WDCON.O) bit, 
allows software to use the timer in a polled time-out 
mode. The WDIF bit is cleared by software or any reset. 

The Watchdog Interrupt is also available for applica- 
tions that do not need a true Watchdog Reset but simply 
a very long timer. The interrupt is enabled using the 
Enable Watchdog Timer Interrupt (EWDI=EIE.4) bit. 
When the time-out occurs, the Watchdog Timer will set 
the WDIF bit (WDCON.3), and an interrupt will occur if 
the global interrupt enable (EA=IE.7) is set. Note that 
WDIF is set 512 clocks before a potential Watchdog 
Reset. The Watchdog Interrupt Flag will indicate the 
source of the interrupt, and must be cleared by software. 

Using the Watchdog Interrupt during software develop- 
ment can allow the user to select ideal watchdog reset 
locations. Code is first developed without enabling the 
Watchdog Interrupt or Reset functions. Once the pro- 
gram is complete, the Watchdog Interrupt function is 
enabled to identify the required locations in code to set 
the RWT (WDCON.O) bit. Incrementally adding instruc- 
tions to reset the Watchdog Timer prior to each address 



location (identified by the Watchdog Interrupt) will allow 
the code to eventually run without receiving a Watchdog 
Interrupt. At this point the Watchdog Timer Reset can be 
enabled without the potential of generating unwanted 
resets. At the same time the Watchdog Interrupt may 
also be disabled. Proper use of the Watchdog Interrupt 
with the Watchdog Reset allows interrupt software to 
survey the system for errant conditions. 

When using the Watchdog Timer as a system monitor, 
the Watchdog Reset function should be used. If the 
Interrupt function were used, the purpose of the watch- 
dog would be defeated. For example, assume the sys- 
tem is executing errant code prior to the Watchdog Inter- 
rupt. The interrupt would temporarily force the system 
back into control by vectoring the CPU to the interrupt 
service routine. Restarting the Watchdog and exiting by 
an RETI or RET, would return the processor to the lost 
position prior to the interrupt. By using the Watchdog 
Reset function, the processor is restarted from the 
beginning of the program, and therefore placed into a 
known state. 

The Watchdog has four time-out selections based on 
the input crystal frequency as shown in the figure. The 
selections are a preselected number of clocks. There- 
fore, the actual time-out interval is dependent on the 
crystal frequency. Shown below are the four time-outs 
with some example periods for different crystal speeds. 
Note that the time period shown is for the interrupt 
event. The reset, when enabled, will occur 512 clocks 
later regardless of whether the interrupt is used. There- 
fore the actual Watchdog time-out period is the number 
shown below plus 512 clocks. Watchdog generated 
resets will last for two machine cycles. 
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The Watchdog time-out selection is made using bits 
WD1 (CKCON.7) and WDO (CKCON.6) as shown in the 
figure. The time-out selections possible are shown in 
the bit descriptions that follow. The watchdog timeout 
period is affected by the use of Power Management 
modes. The slower clock rate, either divide by 64 or di- 
vide by 1024 is used as the input source for the watch- 
dog timer. This allows the watchdog period to remain 
synchronized with device operation. 



As discussed above, the Watchdog Timer has several 
SFR bits that contribute to its operation. It can be 
enabled to function as either a reset source, interrupt 
source, software polled timer or any combination of the 
three. Both the reset and interrupt have status flags. The 
Watchdog also has a bit that restarts the timer. A sum- 
mary table showing the bit locations is below. A descrip- 
tion follows. 



BIT NAME 


DESCRIPTION 


REGISTER LOCATION 


BIT POSITION 


EWT 


Enable Watchdog Timer Reset 


WDCON - D8h 


WDCON. 1 


RWT 


Reset Watchdog Timer 


WDCON - D8h 


WDCON.O 


WD1 


Watchdog interval 1 


CKCON - 8Eh 


CKCON.7 


WDO 


Watchdog interval 


CKCON - 8Eh 


CKCON.6 


WTRF 


Watchdog Timer Reset Flag 


WDCON - D8h 


WDCON.2 


EWDI 


Enable Watchdog Timer Interrupt 


EIE - E8h 


EIE.4 


WDIF 


Watchdog Interrupt Flag 


WDCON - D8h 


WDCON. 3 



The Watchdog Timer is a free running timer. It will be dis- to whichever state is desired, just to be certain of its 

abled by a Power-fail Reset. A Watchdog time-out state. Control bits that support Watchdog operation are 

reset will not disable the Watchdog Timer, but will restart described below, 
the timer. In general, software should set the Watchdog 



WDCON REGISTER SUMMARY 



WATCHDOG CONTROL 

WDCON.3 



WDCON.2 



WDCON. 1 



WDCON.O 



WDCON; D8h 

WDIF - Watchdog Interrupt Flag. If the Watchdog Interrupt is enabled (EIE.4), 
hardware will set this bit to indicate that the Watchdog Interrupt has occurred. 
If the interrupt is not enabled, this bit indicates that the time-out has passed. If 
the Watchdog Reset is enabled (WDCON. 1), the user has 512 clocks to 
strobe the Watchdog prior to a reset. Software or any reset can clear this flag. 

WTRF - Watchdog Timer Reset Flag. Hardware will set this bit when the 
Watchdog Timer causes a reset. Software can read it, but must clear it 
manually. A Power-fail Reset will also clear the bit. This bit assists software 
in determining the cause of a reset. If EWT=0, the Watchdog Timer will have 
no affect on this bit. 

EWT - Enable Watchdog Timer Reset. Setting this bit will turn on the Watch- 
dog Timer Reset function. The interrupt will not occur unless the EWDI bit in 
the EIE register is set. A reset will occur according to the WD1 and WDO bits 
in the CKCON register. Setting this bit to a will disable the reset but leave 
the timer running. 

RWT - Reset Watchdog Timer. This bit serves as the strobe for the Watch- 
dog function. During the time-out period, software must set the RWT bit if 
the Watchdog is enabled. Failing to set the RWT will cause a reset when the 
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Timed Access write. The remaining bits have unrestricted write access. 

CLOCK CONTROL CKCON; 8Eh 

CKCON.7 WD1 - Watchdog Timer mode select bit 1 . See table below for operation. 

CKCON.6 WDO - Watchdog Timer mode select bit 0. See table below for operation. 

The WD select bits determine the time-out period of the Watchdog Timer. 
The timer divides the crystal frequency by a programmable value as shown 
below. The divider value is expressed in number of clock (crystal) cycles. 
Note that the reset time-out is 51 2 clocks longer than the interrupt, regard- 
less of whether the interrupt is enabled. 







Interrupt 


Reset 


WD1 


WDO 


Divider 


Divider 








2 17 


2 17 + 512 





1 


220 


2 20 + 512 


1 





2 23 


2 2 3 + 512 


1 


1 


2 26 


2 26 + 512 



The default Watchdog time-out is the shortest one 
(WD1 =WD0=0). Software can change this value easily, 
so this should cause no inconvenience. However, the 
EWT, WDIF, and RWT bits are protected under the 
Timed Access procedure. This prevents software from 



accidentally enabling or disabling the Watchdog. Most 
importantly, it prevents errant code from accidentally 
clearing and restarting the Watchdog. More details are 
discussed in the section on Timed Access. 
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SECTION 12: SERIAL I/O 

The High-Speed Microcontroller serial communication 
is compatible with the 80C32. This includes framing 
error detection and automatic address recognition. The 
High-Speed Microcontroller provides two fully indepen- 
dent UARTs (serial ports) for simultaneous communica- 
tion over two channels. The UARTs can be operated in 
identical or different modes and communication 
speeds. In this documentation, all descriptions apply to 
both UARTs unless stated otherwise. 

Each serial port is capable of both synchronous and 
asynchronous modes. In the synchronous mode, the 
microcontroller generates the clock and operates in a 
half-duplex mode. In the asynchronous mode, full 
duplex operation is available. Receive data is buffered 
in a holding register. This allows the UART to receive an 
incoming word before software has read the previous 
value. Each UART has an associated control register 
(SCONO, SCON 1 ) and each has a transmit/receive reg- 
ister (SBUFO, SBUF1 ). The SFR locations are: SCONO, 
98h; SBUFO, 99h; SCON1, COh; SBUF1, C1h. 

The SBUF location provides access to both transmit 
and receive registers. Reads are directed to the receive 
buffer and writes to the transmit buffer automatically. 

SERIAL MODE SUMMARY 

Each port provides four operating modes. These offer 
different communication protocols and baud rates. 
These modes are summarized briefly as follows. 
Detailed descriptions are provided later in this section. 

The use of Power management modes, if supported, 
will affect the internal clock rate and baud rate as shown 
in Table 7-4. The following descriptions assume that 
Power Management modes are not in use. 

MODEO 

This mode provides synchronous communication with 
external devices. It is commonly used to communicate 
with serial peripherals. Serial I/O occurs on the RXD pin. 
The shift clock is provided on the TXD pin. Note that 
whether transmitting or receiving, the serial clock is gen- 
erated by the High-Speed Microcontroller. Thus any 
device on the serial port in Mode must accept the micro- 
controller as the master. 

The baud rate in Mode is a function of the oscillator 
input. It will be the clock input divided by either 1 2 or 4. 



This is selected by the SM2 bit (SCON0.5 or SCON1 .5) 
as described below. When set to a logic 0, the serial port 
runs at a divide by 12. When set to a logic 1 , the serial 
port runs at a divide by 4. With the exception of the addi- 
tional new divide by 4 of the oscillator (supported by 
SM2), Mode operation is identical to the 80C32. 

MODE 1 

This mode provides standard full duplex asynchronous 
communication. A total of 1 bits is transmitted including 
1 start bit, 8 data bits, and 1 stop bit. The received stop 
bit is stored in bit location RB8 in the relevant SCON reg- 
ister. 

In Mode 1 , the baud rate is a function of timer overflow. 
This makes the baud rate programmable by the user. 
Mode 1 has a difference for the two UARTs. Serial Port 
can use either Timer 1 or 2 to generate baud rates. 
Serial Port 1 can use only Timer 1 . Note that if both serial 
ports use the same timer, they will be running at the 
same baud rate. If they use different timers (or different 
modes), they can run at different rates. Baud rates are 
discussed in more detail below. Mode 1 operation is 
identical to the standard 80C32 when Timers 1 or 2 use 
the default divide by 12 of the oscillator. 

MODE 2 

This mode is an asynchronous mode that transmits a 
total of 11 bits. These include 1 start bit, 8 data bits, a 
programmable ninth bit, and 1 stop bit. The ninth bit is 
determined by the value in TB8 (SCON0.3 or SCON 1 .3) 
for transmission. When the ninth bit is received, it is 
stored in RB8 (SCON0.2 or SCON 1 .2). The ninth bit can 
be a parity value by moving the P bit (PSW.O) to TB8. 

The baud rate for Mode 2 is a function of the oscillator 
frequency. It is either the oscillator input divided by 32 or 
64 as programmed by the SMOD bit in the PCON regis- 
ter. Mode 2 operation is identical to the standard 80C3 2. 

MODE 3 

This mode has the same functionality as Mode 2, but 
generates baud rates like Mode 1 . That is, this mode 
transmits 11 bits, but generates baud rates via the tim- 
ers. Like Mode 1 , either Timer 1 or 2 can be used for 
Serial Por 1 and Timer 1 can be used for Serial Port 1 . 
Mode 3 operation is identical to the standard 80C32 
when Timers 1 or 2 use the default divide by 12 of the 
oscillator. 
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SERIAL PORT INITIALIZATION 

Inordertousethe UARTfunction(s), the serial port must 
be initialized. This involves selecting the mode and time 
base, then initializing the baud rate generator if neces- 
sary. Serial communication is then available. Once the 
baud rate generator is running, the UART can receive 
data. 

In Mode 0, the High-Speed Microcontroller must pro- 
vide the clock. Serial reception is initiated by setting the 
Rl bit to a logic and REN to a logic 1 . This will generate 
a clock on the TXD pin and shift in the 8 bits on the RXD 



pin. In the other modes, setting the REN bit to a logic 1 
will allow serial reception. The external device must 
actually initiate it by sending a start bit. In any mode, 
serial transmission is initiated by writing to either the 
SBUFO or SBUF1 location. 

Most of the serial port controls are provided by the 
SCONO and SCON1 registers. For convenience, these 
are provided below. In addition, other control bits that 
influence the Serial Port operation are also summarized 
below. 



SERIAL I/O MODES 



MODE 


SYNCH/ASYNCH 


BAUD CLOCK 1 


DATA BITS 


START/STOP 


9TH BIT FUNCTION 





Synch 


4or12t C LK 


8 


None 


None 


1 


Asynch 


Timer 1 or 2* 


8 


1 start, 1 stop 


None 


2 


Asynch 


32 or 64 t C LK 


9 


1 start, 1 stop 


0, 1 , parity 


3 


Asynch 


Timer 1 or 2* 


9 


1 start, 1 stop 


0, 1 , parity 



* Timer 2 available for Serial Port only. 

+ The use of PMM1 or PMM2 will affect the baud clock. 



SERIAL PORT 
CONTROL ZERO 



SCONO; 98h 



This is the standard 80C32 Serial Port. The new Serial Port is designated Serial Port 1 and is documented below. 



SCON0.7 



SCON0.6 
SCON0.5 



SCON0.4 



SM0/FE_0 - Serial Port Mode bit or Framing Error Flag. PCON.6 
(SMOD0) determines whether this bit functions as SMO or FE. The operation 
of SMO (SMOD0=0) is described in the table below. When SMOD0=1 , the 
serial port will set FE to indicate an invalid stop bit. When used as FE, this bit 
must be cleared in software. 

SM 1 _0 - Serial Port mode select 1 . The operation of SM 1 is described in 
the table below. 

SM2_0 - Multiple MCU communication. Setting this bit to a one enables 
multiprocessor communication in Modes 2 or 3. If the ninth bit is 0, the Rl_0 
will not be set. In Mode 1 , setting the SM2_0 bit to a one causes the Rl_0 bit 
not to be set if a valid stop bit is not received. In the High-Speed Microcon- 
troller, SM2_0 also has a new function. In mode 0, the SM2_0 bit controls 
whetherthe serial port clock runs at a divide by 4 or a divide by 1 2 of the oscil- 
lator when not in PMM. When set to a logic 0, the serial port runs at a divide 
by 12. When set to a logic one, the serial port runs at a divide by 4. This 
results in much faster synchronous serial communication. 

REN_0 - Receive Enable. When set to a 1 , the receive shift register will be 
enabled. 
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SCON0.3 TB8_0 - Set/clear to define the state of the ninth transmission data bit in 

modes 2 and 3. 

SCON0.2 RB8_0- Indicates the state of an incoming ninth bit when in modes 2 and 3. 

In mode 1 , when SM2=0, RB8_0 is the state of the stop bit received. RB8_0 
is not used in mode 0. 

TLO- Flag that indicates the transmitted word has been completely shifted 
out. In mode 0, TLO is set at the end of the eighth data bit. In all other modes, 
this bit is set at the end of the last data bit. It must be cleared manually by 
software. 

Rl_0- Flag that indicates a serial word has been received. In mode 0, Rl_0 
is set at the end of the eighth bit. In mode 1 , it is set after the last sample of the 
incoming stop bit subject to the state of SM2_0. In modes 2 and 3, Rl_0 is set 
after the last sample of RB8_0. It must be cleared manually by software. 

SM0/FE_0 SM1_0 Mode Function Length Period 












Sync 


8 bits 


4/12 trjLK (see SM2) 





1 


1 


Asynch 


10 bits 


Timer 1 or 2 


1 





2 


Asynch 


11 bits 


64/32 t CLK 


1 


1 


3 


Asynch 


11 bits 


Timer 1 or 2 



Initialization: SCON is set to OOh on a reset. 

Read/Write Access: Unrestricted. 

SERIAL PORT SCON1;C0h 
CONTROL ONE 

Serial Port 1 performs identically to the standard Serial Port on an 80C32 with one exception. The baud rate genera- 
tion from Timer 2 is not available in Modes 1 and 3. Timer 1 is used. The port is located at P1 .3 and P1 .2 for TXD1 and 
RXD1 respectively. 

SCON1.7 SM0/FE_1 - Serial Port 1 Mode bit or Framing Error Flag. PCON.6 

(SMODO) determines whetherthis bit functions as SMO or FE. The operation 
of SMO (SMOD0=0) is described in the table below. When SMOD0=1, the 
serial port will set FE to indicate an invalid stop bit. When used as FE, this bit 
must be cleared in software. 

SCON1.6 SM1_1 -Serial Port 1 mode select 1 . The operation of SM1_1 isdescribedin 

the table below. 

SCON1.5 SM2_1 - Multiple MCU communication. Setting this bit to a one enables 

multiprocessor communication in Modes 2 or 3. If the ninth bit is 0, the Rl_1 
will not be set. In Mode 1 , setting the SM2_1 bit to a one causes the RM bit 
not to be set if a valid stop bit is not received. In the High-Speed Microcon- 
troller, SM2_1 also has a new function. In mode 0, the SM2_1 bit controls 
whether the serial port clock runs at a divide by 4 or a divide by 1 2 of the oscil- 
lator when not in PMM. When set to a logic 0, the serial port runs at a divide 
by 12. When set to a logic one, the serial port runs at a divide by 4. This 
results in much faster synchronous serial communication. 



SCON0.1 



SCONO.O 
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SCON1.3 



SCON1.2 



SCON1.1 



SCON1.0 



TB8_1 - Set/clear to define the state of the ninth transmission data bit in 
modes 2 and 3. 

RB8_1 - Indicates the state of an incoming ninth bit when in modes 2 and 3. 
In mode 1 , when SM2=0, RB8 is the state of the stop bit received. RB8 is not 
used in mode 0. 

TM - Flag that indicates the transmitted word has been completely shifted 
out. In mode 0, Tl is set at the end of the eighth data bit. In all other modes, 
this bit is set at the end of the last data bit. It must be cleared manually by 
software. 

Rl_1 - Flag that indicates a serial word has been received. In mode 0, RM 
is set at the end of the eighth bit. In mode 1 , it is set after the last sample of the 
incoming stop bit subject to the state of SM2 _1. In modes 2 and 3, RM is set 
after the last sample of RB8_1 . It must be cleared manually by software. 



Initialization: 
Read/Write Access: 



SMO 


SM1 


Mode 


Function 


Length 


Period 











Sync 


8 bits 


4/12 t CLK (see SM2) 





1 


1 


Asynch 


10 bits 


Timer 1 


1 





2 


Asynch 


11 bits 


64/32 t CLK 


1 


1 


3 


Asynch 


11 bits 


Timer 1 



SCON1 is set to OOh on a reset. 
Unrestricted. 



POWER CONTROL 

PCON.7 

PCON.6 



PCON; 87h 

SMODJ). Doubles the serial baud rate in modes 1,2, and 3 for Serial Port 
(the standard port) when SMOD=1 . 

SMOD0 - Framing Error Detection Enable. When SMOD0 is set to a one, 
SCON0.7 and SCON1.7 are converted to the FE flag for the respective 
serial port. When SMOD0 is 0, then SCON0.7 and SCON1 .7 are the SMO 
function as defined for the serial port. 



WATCHDOG CONTROL 

WDCON.7 



WDCON; D8h 

SMOD_1 - Serial Modification. When set to a logic 1 , this bit doubles the 
baud rate of Serial Port 1 . It works identically to PCON.7. 



TIMER TWO CONTROL 

T2CON.5 



T2CON.4 



T2CON; C8h 

RCLK - Receive Clock Flag. This bit determines whether Timer 1 or 2 is 
used for Serial Port timing of received data in Serial Modes 1 or 3. RCLK=1 
causes Timer 2 overflow to be used as the receive clock. RCLK=0 causes 
Timer 1 overflow to be used as the receive clock. 

TCLK - Transmit Clock Flag. This bit determines whether Timer 1 or 2 is 
used for Serial Port timing of Transmit data in Serial Modes 1 or 3. TCLK=1 
causes Timer 2 overflow to be used as the transmit clock. TCLK=0 causes 
Timer 1 overflow to be used as the transmit clock. 



042595 121/149 



122 



HIGH-SPEED MICROCONTROLLER USER'S GUIDE 



BAUD RATES 

Each mode has a baud rate generator associated with it. 
This generator is generally the same for each UART. 
Several of the baud rate generation techniques have 
options and these options are independent for the two 
UARTs. The baud rate descriptions given below are 
separated by mode. 

Mode 

Baud rates for this mode are driven directly from the 
crystal speed divided by either 12 or 4. Mode is syn- 
chronous so that the shift clock output frequency will be 
the baud rate. The formula is simply as follows: 



or 



Mode baud rate = 



Mode baud rate = 



Oscillator Frequency 
12 



Oscillator Frequency 



The default case is divide by 1 2. The user can select the 
divider using the SM2 bit in the associated SCON regis- 
ter. For Serial Port 0, the SM2_0 bit is SCON0.5. For 
Serial Port 1 , the SM2_0 bit is SCON1 .5. When SM2 is 
set to a logic 0, the baud rate is generated using a divide 
by 1 2 of the oscillator input. When SM2 is set to a logic 1 , 
the baud rate is generated using divide by 4. Note that 
this use of SM2 differs from a standard 80C32. In that 
device, SM2 had no valid use when the UART was in 
Mode 0. Since it was generally set to a 0, for the divide 
by 12, there is no compatibility problem. 

Mode 2 

In this asynchronous mode, baud rates are also gener- 
ated from the oscillator input. This mode works identi- 
cally to the original 8051 family. The baud rate is given 
by the following formula. 



Mode 2 baud rate 



2SM0D_X t 

64 



Oscillator Frequency 



The result of this formula generates a baud rate of either 
1/32 * oscillator frequency or 1/64 * oscillator frequency. 
In the formula, the numerator is expressed as two to the 
power of SMOD, where SMOD is either a or 1 . When 
SMOD=0, the numerator is a 1 and when SMOD=1 , the 
numerator is a 2. 



SMOD is a bit that effectively doubles the baud rate 
when set to a logic 1 . For Serial Port 0, SMOD_0 resides 
at PCON.7. This is the original location in the 8051 fam- 
ily. For Serial port 1, SMOD_1 resides in WDCON.7. 
The SMOD bits are set to a logic on reset, which gives 
the lower speed baud rate. 

If the application determines that Mode or 2 must be 
used, then the oscillator or crystal frequency must be 
selected to generate the correct baud rates since each 
mode offers two selections for a given frequency. 

Mode 1 or 3 

These asynchronous modes are commonly used for 
communication with PCs, modems, and other similar 
interfaces. The baud rates are programmable using the 
oscillator input and 1 6-bit Timer 2 or 8-bit Timer 1 . The 
respective timer is placed in auto-reload mode. Each 
time the timer reaches its rollover condition (FFFFh - 
Timer 2 or FFh -Timer 1 ), a clock is sent to the baud rate 
circuit. This clock is then divided by 1 6 to generate the 
exact baud rate. For Serial Port 0, either Timer 1 or 2 can 
be used to generate baud rates. Note that there are dif- 
ferences between the timers when used as baud rate 
generators. Serial Port 1 can use Timer 1 as a baud rate 
generator. Thus in Mode 1 or 3, the two serial ports can 
run at the same frequency if Timer 1 is used for both, but 
different frequencies if both timers are used. 

Also note that the user can determine the speed at 
which Timer 1 runs (4 clocks or 12 clocks). In most 
cases, 12 clocks will be used for baud rate generation. 
Timer 2 runs from a 2 clock scheme when used for baud 
rate generation. This is compatible with the 80C32. 

The baud rates for Mode 1 or 3 are given by these formu- 
las. 

Serial Port or 1 

Mode 1,3 baud rate = 2SM °°~" * Timer 1 Overflow 



Serial Port 



Mode 1 , 3 baud rate 



Timer 2 Overflow 
16 



To use Timer 1 as the baud rate generator, it is com- 
monly put into the 8-bit auto-reload mode. In this way, 
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the CPU is not involved in baud rate generation. Note 
that the timer interrupt should not be enabled. In the 
8-bit auto-reload mode (Timer 1 Mode 2), the reload 
value is stored in TH1 . Thus the combination of crystal 
frequency and TH1 determine the baud rate. The com- 
plete formula is as follows. 



Mode 1 , 3 baud rate = 



2Smod_x , Oscillator Frequency 



32 



12* (256 - TH1) 



Note that the 1 2 in the denominator can be changed to a 
4 as determined by the Timer selection (T1M; 
CKCON.4). This formula provides the derived baud rate 
for a given TH1 and crystal. Most users already know 
what baud rate is desired and want the timer reload 
value. Thus the equation solves as follows, when 
T1M=0. 



TH1 = 256 



2 smqd_x « Oscillator Frequency 
384 * Baud Rate 



Note that the most common application is to use Timer 1 
in 8-bit auto-reload mode as a timer. It can actually be 
used in any mode and can also be configured as a 
counter. 

To use Timer 2 as baud rate generator for Serial Port 0, 
the Timer is configured in auto-reload mode. Then 
either TCLK or RCLK bit (or both) are set to a logic 1 . 
TCLK=1 selects Timer 2 as the baud rate generator for 
the transmitter and RCLK=1 selects Timer 2 for the 
receiver. Thus Serial Port can have the transmit and 
receive operating at different baud rates by choosing 
Timer 1 for one data direction and Timer 2 for the other. 
Setting either RCLK or TCLK to a logic 1 selects Timer 2 
for baud rate generation. RCLK and TCLK reside in 
T2CON.4 and TCON.5 respectively. 

When using Timer 2 to generate baud rates, the formula 
will be as follows. Note that the reload value is a 16-bit 
number as compared with Timer 1 , which uses only 8 
bits. 



Note that the 32 in the denominator is a result of the 
timer being run at a divide by 2, combined with the divide 
by 16 applied to timer overflows as mentioned above. 
Timer 2 normally runs at a divide by either 12 or 4 in 
auto-reload mode. Setting RCLK or TCLK causes the 
divide by 2 operation. 

This formula provides the derived baud rate for a given 
RCAP2H, RCAP2L and crystal. Most users already 
know what baud rate is desired and want the timer 
reload value. Thus the equation solves as follows. 



RCAP2H, RCAP2L = 65536- 



Oscillator Frequency 



32 * Baud Rate 



The Timer 2 interrupt is automatically disabled when 
either RCLK or TCLK is set. Also, the TF2 (TCON.7) flag 
will not be set on a timer rollover. The manual reload pin, 
T2EX (P1.1), will not cause a reload either. 

SERIAL I/O DESCRIPTION 

A detailed description of each serial mode is given 
below. A description of framing error detection and 
multiprocessor communication follows this section. 

Mode 

This mode is used to communicate in synchronous, 
half-duplex format with devices that accept the High- 
Speed Microcontroller as a master. A functional block 
diagram and basic timing of this mode are shown in Fig- 
ure 1 2-1 . As can be seen, there is one bidirectional data 
line (RXD) and one shift clock line (TXD) used for com- 
munication. The shift clock is used to shift data into and 
out of the microcontroller and the remote device. Mode 
requires that the microcontroller is the master 
because the microcontroller generates the serial shift 
clocks for both directions. As described above, the shift 
clock may be selected to be either divide by 1 2 or divide 
by 4 of the oscillator as determined by the SM2 
(SCON0.5or SCON1.5) bit. 



Mode 1 , 3 baud rate = 



Oscillator Frequency 
32 * (65536 - RCAP2H, RCAP2L) 
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SERIAL PORT MODE Figure 12-1 
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The RXD signal is used for both transmission and 
reception. TXD provides the shift clock. Data bits enter 
and exit LSb first. The baud rate is equal to the shift clock 
frequency. This can be either oscillator divided by 4 or 
oscillator divided by 12. The relevant UART will begin 
transmitting when any instruction writes to SBUFO or 
SBUF1 (hex address 99 or C1). The internal shift regis- 
ter will then begin to shift data out. The clock will be acti- 
vated and will transfer data until the 8-bit value is com- 
plete. Data will be presented one oscillator cycle prior to 
the falling edge of the shift clock (TXD), and an external 
device can latch the data using the rising edge. 

The UART will begin to receive data when the REN bit in 
the SCON register (SCON0.4 or SCON1 .4) is set to a 
logic 1 and the Rl bit (SCONO.O SCON1 .0) is set to a 
logic 0. This condition tells the UART that there is data to 
be shifted in. The shift clock (TXD) will activate and the 
UART will latch incoming data on the rising edge. The 
external device should therefore present data on the fal- 
ling edge. This process will continue until 8 bits have 
been received. The Rl bit will automatically be set to a 
logic 1 , one machine cycle following the last rising edge 
of the shift clock on TXD. This will cause reception to 
stop until the SBUF has been read, and the Rl bit 
cleared. When Rl is cleared, another byte will be shifted 
in. 

Model 

This mode is asynchronous, full duplex, using a total of 
1 bits. The 1 bits consist of a start bit (logic 0), 8 data 
bits, and 1 stop bit (logic 1) as illustrated in Figure 12-2. 
The data is transferred LSb first. As described above, 
the baud rates for Mode 1 are generated by either a 
divide by 16 of Timer 1 rollover, a divide by 16 of the 
Timer 2 rollover, or a divide by 1 6 of (Timer 1 rollover)/2. 
The UART will begin transmission 5 oscillator cycles 
after the first rollover of the divide by 1 6 counter follow- 
ing a software write to SBUF. Transmission takes place 
on the TXD pin. It begins by the start bit being placed on 
the pin. Data is then shifted out onto the pin, LSb first. 
The stop bit follows. The Tl bit is set two oscillator cycles 
after the stop bit is placed on the pin. All bits are shifted 
out at the rate determined by the baud rate generator. 

Once the baud rate generator is active, reception can 
begin at any time. The REN bit (SCON0.4 or SCON 1 .4) 
must be set to a logic 1 to allow reception. The falling 



edge of a start bit on the RXD pin will begin the reception 
process. Data will be shifted in at the selected baud rate. 
At the middle of the stop bit time, certain conditions must 
be met to load SBUF with the received data: 

1 . Rl must=0, and either 

2. If SM2=0, the state of the stop bit doesn't matter, or 

3. If SM2=1 , the state of the stop bit must=1 . 

If these conditions are true, then SBUF (hex address 
99h or C1h) will be loaded with the received byte, the 
RB8 bit (SCON0.2 or SCON1 .2) will be loaded with the 
stop bit, and the Rl bit (SCONO.O or SCON 1 .0) will be 
set. If these conditions are false, then the received data 
will be lost (SBUF and RB8 not loaded) and Rl will not be 
set. Regardless of the receive word status, after the 
middle of the stop bit time, the receiver will go back to 
looking for a 1 to transition on the RXD pin. 

Each data bit received is sampled on the 7th, 8th and 9th 
clock used by the divide by 16 counter. Using majority 
voting, two equal samples out of the three, determines 
the logic level for each received bit. If the start bit was 
determined to be invalid (=1 ), then the receiver goes 
back to looking for a 1 to transition on the RXD pin in 
order to start the reception of data. 

Mode 2 

This mode uses a total of 11 bits in asynchronous full 
duplex communication as illustrated in Figure 1 2-3. The 
11 bits consist of one start bit (a logic 0), 8 data bits, a 
programmable 9th bit, and one stop bit (a logic 1). Like 
Mode 1 , the transmissions occur on the TXD signal pin 
and receptions on RXD. For transmission purposes, the 
9th bit can be stuffed as a logic or 1 . A common use is 
to put the parity bit in this location. The 9th bit is trans- 
ferred from the TB8 bit position in the SCON register 
(SCON0.3 or SCON1 .3) during the write to SBUF. Baud 
rates are generated as a fixed function of the crystal fre- 
quency as described above. Like Mode 1 , Mode 2's 
transmission begins 5 oscillator cycles after the first rol- 
lover of the divide by 16 counter following a software 
write to SBUF. It begins by the start bit being placed on 
the TXD pin. The data is then shifted out onto the pin 
LSb first, followed by the 9th bit, and finally the stop bit. 
The Tl bit (SCON0.1 or SCON1.1) is set when the stop 
bit is placed on the pin. 
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SERIAL PORT MODE 1 Figure 12-2 
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Reception begins when a falling edge is detected as 
part of the incoming start bit on the RXD pin. The RXD 
pin is then sampled according to the baud rate speed. 
The 9th bit is placed in the RB8 bit location in SCON 
(SCON0.2 or SCON1.2). When a stop bit has been 
received, the data value will be transferred to the SBUF 
receive register (hex address 99 or C1). The Rl bit 
(SCONO.O or SCON1 .0) will be set to indicate that a byte 
has been received. At this time, the UART can receive 
another byte. 

Once the baud rate generator is active, reception can 
begin at any time. The REN bit (SCON0.4 or SCON1 .4) 
must be set to a logic 1 to allow reception. The falling 
edge of a start bit on the RXD pin will begin the reception 
process. Data must be shifted in at the selected baud 
rate. At the middle of the 9th bit time, certain conditions 
must be met to load SBUF with the received data. 

1 . Rl must=0, and either 

2. If SM2=0, the state of the 9th bit doesn't matter, or 

3. If SM2=1 , the state of the 9th bit must=1 . 

If these conditions are true, then SBUF will be loaded 
with the received byte, RB8 will be loaded with the 9th 
bit, and Rl will be set. If these conditions are false, then 
the received data will be lost (SBUF and RB8 not 
loaded) and Rl will not be set. Regardless of the receive 
word status, after the middle of the stop bit time, the 
receiver will go back to looking for a 1 to transition on 
RXD. 

Data is sampled in a similar fashion to Mode 1 with the 
majority voting on three consecutive samples. Mode 2 
uses the sample divide by 16 counter with either the 
oscillator divided by 2 or 4. 



Mode3 

This mode has the same operation as Mode 2, except 
for the baud rate source. As shown in Figure 12-4, 
Mode 3 can use Timer 1 or 2 for Serial Port and Timer 1 
for Serial Port 1 . The bit shifting and protocol are the 
same. 

FRAMING ERROR DETECTION 

A framing error occurs when a valid stop bit is not 
detected. This results in the possible improper reception 
of the serial word. The UART can detect a framing error 
and notify the software. Typical causes of framing errors 
are noise and contention. The Framing Error condition 
is reported in the SCON register for the corresponding 
UART. 

The Framing Error bit, FE, is located in SCON0.7 or 
SCON1 .7. Note that this bit normally serves as SMO and 
is described as SM0/FE_0 or SM0/FE_1 in the register 
description. Framing Error information is made accessi- 
ble by the Framing Error Detection Enable bit. It is 
SMOD0 located at PCON.6. When SMOD0 is set to a 
logic 1, the framing error information is shown in 
SMO/FE (SCON0.7 or SCON1 .7). When SMOD0 is set 
to a logic 0, the SMO function is accessible. The informa- 
tion for bits SMO and FE is actually stored in different 
registers. Changing SMODO only changes which regis- 
ter is accessed; not the contents of either. 

The FE bit will be set to a 1 when a framing error occurs. 
It must be cleared by software. Note that the SMODO 
state must be 1 while reading or writing the FE bit. Also 
note that receiving a properly framed serial word will not 
clear the FE bit. This must be done in software. 
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SERIAL PORT MODE 3 Figure 12-4 
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MULTIPROCESSOR COMMUNICATION 

Multiprocessor communication mode makes special 
use of the 9th data bit in Modes 2 and 3. In the original 
8051 , the 9th bit was restricted to a or 1 condition, but 
had no special purpose. In the 80C32 and the High- 
Speed Microcontroller, it can be used to signify that the 
incoming byte is an address. This allows the processor 
to be interrupted only if the correct address appears. 
The Receive Interrupt, if enabled, will only occur when a 
recognized address is received. 

When a serial word is received with the 9th bit set, the 
byte will be assumed to be an address. The address will 
be compared to an internally stored address. If it 
matches, a receive interrupt will occur. The internal 
address is derived from the contents of two registers. 
The first register specifies an absolute address. This is 
the user specified address of the device. The second 
register tells the comparator which address bit(s) to 
actually use in the comparison. This allows broadcast 
transmissions that reach groups of microcontrollers or 
all microcontrollers on a serial port. The user defines 
this protocol. 

There are two Special Function Registers that support 
multiprocessor communication for each UART. These 
are independent, so that different addresses can be 
used in each. The registers are SADDRO or SADDR1 
(hex address A9 or A1 0) and SADENO or SADEN 1 (hex 
address B9 or B10). The SADDR register specifies the 
individual processor's address. The SADEN identifies 
address bits that should be ignored in matching 
addresses. 

Software will write an 8-bit address to the SADDR regis- 
ter. This is the microcontroller's individual address. Any 
bit in SADEN that contains a logic will cause the corre- 
sponding bit in SADDR to be ignored in comparison. 
Thus logic bits in SADEN create don't care bit states 
for address comparisons. 

When an address is received, each address bit that is 
not masked by a don't care will be compared to the 
SADDR. The microcontroller will interrupt on any 



address that matches this comparison. Any address 
that meets this comparison is called a Given Address. 

The following example shows how one address can be 
directed to an individual processor, or two out of three. 



Micro 1 




SADDR 


1 1 1 1 finftn 
1X11UUUU 


SADEN 


11111010 


Given 


llllOxOx 


Micro 2 




SADDR 


11110001 


SADEN 


11111001 


Given 


llllOxxl 


Micro 3 




SADDR 


11110010 


SADEN 


11111010 


Given 


llllOxlx 



Note that an address of 1 1 1 1 0000 will reach only micro- 
controller 1 . An address of 1 1 1 1 0001 will reach both mi- 
crocontroller 1 and microcontroller 2. An address of 
11110010 will reach only microcontroller 3. 

The microcontroller will also match on any address that 
corresponds to the Broadcast Address. This is the log- 
ical OR of the SADDR and SADEN registers, with any 
0s defined as don't cares. In most cases, the Broadcast 
Address will be FFh. 

The multiprocessor communication is always enabled. 
However, the SADEN registers default to OOh, which 
means all address bits are don't care, so all match. Thus 
if no multiprocessor communication is used, these reg- 
isters can be ignored. 

The Timer 2 interrupt is automatically disabled when 
either RCLK orTCLK is set. Also, theTF2 (TCON.7) flag 
will not be set on a timer rollover. The manual reload pin, 
T2EX (P1.1), will not cause a reload either. 
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ture called Timed Access to prevent accidental writes to 
critical SFR bits. These bits could cause a system failure 
or prevent the Watchdog Timer from doing its job if 
improperly written. The Timed Access involves opening 
a timing window during which the protected bit can be 
modified. If the window is opened correctly, it remains 
open long enough to alter one protected bit. This section 
explains which bits are protected, why, and how to use 
the Timed Access feature. 

PROTECTED BITS 

Bits which are protected by the Timed Access feature 
are shown below. Only critical function bits which are 
unique to the High-Speed Microcontroller family are 
protected, assuring code compatibility with the original 
80C51 or 80C52. A full description of the function of 
each bit is provided in Section 4. 



RTCC.O RTCE RTC Enable 
PROTECTION SCHEME 

Each bit mentioned above is protected against an acci- 
dental write by requiring the software to perform a pro- 
cedure before writing the bit. Timed Access requires the 
software to write two specific values to the Timed 
Access register during two consecutive instruction 
cycles. The values AAh, then 55h, must be written in 
consecutive instructions to the TA register at SFR loca- 
tion C7h. If the writes are performed correctly, the write 
access window will open for three machine cycles. Dur- 
ing this window, the software may modify a protected bit. 
The suggested code to open a Timed Access window is: 

MOV 0C7h, #OAAh 
MOV 0C7h, #55h 



EXIF.O 


BGS 


Band-gap Select 


WDCON.6 


POR 


Power-on Reset Flag 


WDCON.1 


EWT 


Watchdog Reset Enable 


WDCON.O 


RWT 


Reset Watchdog Timer 


WDCON.3 


WDIF 


Watchdog Interrupt Flag 


TRIM.7 


E4K 


4096 Hz RTC Output 


TRIM.6 


X12/6 


12pF/6pF Crystal Select 


TRIM.5 


TRM2 


Capacitance Trim Bit 2 


TRIM.4 


TRM2 


Inverse Capacitance Trim Bit 2 


TRIM.3 


TRM1 


Capacitance Trim Bit 1 


TRIM.2 


TRM1 


Inverse Capacitance Trim Bit 1 


TRIM.1 


TRMO 


Capacitance Trim Bit 


TRIM.O 


TRMO 


Inverse Capacitance Trim Bit 


ROMSIZE.2 RMS2 


ROM Size Select Bit 2 


ROMSIZE.1 RMS1 


ROM Size Select Bit 1 



The procedure to modify a Timed Access protected bit 
begins by writing the value AAh to the Time Access reg- 
ister (TA;C7h). The value 55h must then be written to 
the Timed Access register within three machine cycles 
of writing AAh. This opens a three machine cycle win- 
dow, after the write of 55h, during which any Timed 
Access protected bits may be modified. Failure to com- 
plete any of the required steps will also require the pro- 
cedure to begin again, starting with the write of AAh to 
the Tmed Access register. Attempts to modify Timed 
Access protected bits after the window has closed will 
be ignored. This is regardless of whether any bits were 
modified. Figure 13-1 illustrates a number of examples 
of correct and incorrect use of the Timed Access proce- 
dure. 
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TIMED ACCESS EXAMPLES Figure 13-1 



three machine cycles 



three machine cycles 



MOV 0C7h, #OAAh MOV 0C7h, #55h 



two machine cycles 
SETB EWT 



three machine cycles three machine cycles one machine cycle two machine cycles 
MOV 0C7h, #0AAh MOV 0C7h, #55h NOP SETB EWT 



three machine cycles 



three machine cycles 



three machine cycles 



MOV 0C7h, #OAAh MOV 0C7h, #55h MOV WDCON, #02h 
VALID TIMED ACCESS PROCEDURES 



three machine cycles one machine cycle three machine cycles two machine cycles 
MOV 0C7h, #OAAh NOP MOV0C7h, #55h SETB EWT 

•Second write to TA register does not occur within 3 cycles of first write. 

three machine cycles three machine cycles | one machine cycle three machine cycles 
MOV 0C7h, #OAAh MOV 0C7h, #55h NOP MOVWDCON, #02h 

'Modification of protected bit did not occur with 3 cycles of second write to TA register. 

three machine cycles three machine cycles two machine cycles two machine cycles 
MOV 0C7h, #0AAh MOV 0C7h, #55h SETB EWT SETB RWT 

"Modification of second protected bit did not complete within 3 cycles of second write to TA register. 
INVALID TIMED ACCESS PROCEDURES 



TIMED ACCESS PROTECTS WATCHDOG 

Any microcontroller-based system can be faced with 
environmental conditions that are beyond its designed 
abilities. These include external signal transients due to 
component failure, fluctuating power conditions, mas- 
sive electrostatic discharge (ESD), and other unex- 
pected system events. When a microcontroller is 
exposed to such conditions, program execution can be- 
come corrupted. Members of the High-Speed Micro- 
controller family which incorporate a Watchdog Timer 
can initiate a reset to recover from these conditions. The 
primary function of the Timed Access feature is to pro- 
tect against accidental disabling of the watchdog timer 
by an "out-of-control" device. This will allow the watch- 



dog timer to reset the system in the event of program 
execution failure. 

The following hypothetical example demonstrates how 
a single bit change can corrupt program execution. The 
Timed Access procedure protects against an accidental 
write to the EWT bit by the errant code, allowing the 
watchdog timer reset function to reset the device. While 
this is a purely fictitious example, it illustrates how the 
watchdog timer and Timed Access feature make the 
High-Speed Microcontroller minimize the effect of acci- 
dental code corruption. Note: Timed Access is not 
optional and must be supported if the protected bits are 
used. This example simply helps explain the ca tegory of 
problem that the Timed Access prevents. 
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EXAMPLE: A TRANSIENT CAUSES THE WATCHDOG TO BE DISABLED 



C2D2 
C2D5 
C2D7 



TABLE_READ: 
90 OA 00 
79 FF 
78 90 



MOV 
MOV 
MOV 



DPTR, 0A00H 
R1 , #0FFH 
RO, #90H 



LOAD TABLE POINTER 
LOAD COUNTER 
DESTINATION POINTER 



C2D9 
C2DA 
C2DB 
C2DC 
C2DD 



EO 
F6 
06 
A3 

D9 C2 D9 



LOOP: 

MOVX 

MOV 

INC 

INC 

DJNZ 



A, ©DPTR 
@R0, A 
RO 

DPTR 
R1, LOOP 



;READ DATA BYTE 
;STORE IT IN RAM 
;NEXT TABLE LOCATION 
;NEXT DATA VALUE 
;NEXT BYTE OR DONE ? 



A transient occurs while the opcode is being fetched for 
the first instruction. The transient causes one bit of the 
opcode in the first instruction to be read as a instead of 



1. The resulting program is what the microcontroller 
would actually execute: 



TABLE_READ: 



C2D2 
C2D5 
C2D7 



80 OA 00 

79 FF 
78 90 



SJMP 

MOV 

MOV 



OBH 

R1,#0FFH 
RO, #90H 



RELATIVE JUMP BY 10 LOCATIONS 

LOAD COUNTER 
DESTINATION POINTER 



C2D9 
C2DA 
C2DB 
C2DC 
C2DD 



EO 
F6 
06 
A3 

D9 C2 D9 



LOOP: 

MOVX 

MOV 

INC 

INC 

DJNZ 



A, ©DPTR 
@R0, A 
RO 

DPTR 
R1, LOOP 



READ DATA BYTE 
STORE IT IN RAM 
NEXT TABLE LOCATION 
NEXT DATA VALUE 
NEXT BYTE OR DONE ? 



The resulting jump is to address C2DE. This is not even 
a real opcode, but would be treated as such. The result- 
ing fetch is the value C2 D9. This is the opcode for CLR 
D9h. The bit addressable location D9h corresponds to 
the EWT- Enable Watchdog Timer. If the Timed Access 
procedure did not prevent it, this errant instruction would 
disable the Watchdog. Note that now, the program 
execution is completely lost. Real opcodes are being 
replaced by operands, data and garbage. In the High- 
Speed Microcontroller, the Watchdog will recover from 



this state as soon as it times out since it could not have 
been disabled in this way. 

In the High-Speed Microcontroller it is very hard to con- 
trive a situation that will accidentally disable the Watch- 
dog. Note, the Timed Access prevents accidentally writ- 
ing a bit. It can not prevent accidentally calling the 
correct code that writes a bit. This is much more unlikely 
however. 
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SECTION 14: REAL-TIME CLOCK 

The DS87C530 incorporates a real-time clock (RTC) 
onto the High-Speed Microcontroller family core. This 
allows the device to perform real-time related functions 
such as data logging and time-stamping without an ex- 
ternal timer. In addition, the RTC includes an alarm func- 



tion which can execute a software interrupt or resume 
operation from Stop mode at a specified time. The RTC 
features are controlled by 12 new SFRs. These regis- 
ters, as well as two new interrupt control bits are shown 
in Table 14-1. 



REAL-TIME CLOCK CONTROL AND STATUS BIT SUMMARY Table 14-1 



□ |T MA MP 
Dl 1 Pi AivIE 


LUL-A I IUIN 


pi IMPTinM 




DCCCT 

ncgc 1 


READ/WRITE ACCESS 


PRTPI 


PIP R 
PICO 


DTP Intornmt Pnahlo 

n i o nimiiupi tzi lauit; 






Unrestricted 


PRTPI 


PIP X, 


DTP Intern mt PrinriK/ 

n i o interrupt momy 




u 


Unrestricted 


n i moo. f — u 


n i moo 


DTP Alarm Qi iheer^rinH 
r\ ) V_/ Midi III OUUocOUi IU 


\j rni 


1 In^hanncirl 

unof langcu 


Unrestricted 


RTAS.5-0 


RTAS 


RTC Alarm Second 


0-3Bh 


Unchanged 


Unrestricted 


RTAM.5-0 


RTAM 


RTC Alarm Minute 


0-3Bh 


Unchanged 


Unrestricted 


RTAH.4-0 


RTAH 


RTC Alarm Hour 


0-1 7H 


Unchanged 


Unrestricted 


RTCSS.7-0 


RTCSS 


RTC Subsecond 


0-FFh 


Unchanged 


Read: only if RTCRE=1. 
Cannot be written. Cleared 
when RTCWE 1->0 


RTCS.5-0 


RTCS 


RTC Second 


0-3Bh 


Unchanged 


Rpad' onlv if RTCRE-1 
Write: only if RTCWE=1 . 
1 .95 ms Read/Write window 


RTCM.5-0 


RTCM 


RTC Minute 


0-3Bh 


Unchanged 


RTCH.4-0 


RTCH.4-0 


RTC Hour 


0-1 7h 


Unchanged 


DOW.2-0 


RTCH.7-5 


RTC Day of Week 


0-7h 


Unchanged 


RTCD 1.7-0 
RTCDO.7-0 


RTCD1, (MSB) 
RTCDO, (LSB) 


RTC Day 


0- 

FFFFh 


Unchanged 


SRCE 


RTCC.7 


RTC Subsecond 

PpjmnflrP FnahlP 
vuni[/aic i — i lauiu 




Unchanged 


Unrestricted 


SCE 


RTCC.6 


RTC Second Compare 

i i lauic 




Unchanged 


Unrestricted 


MCE 


RTCC.5 


RTC Minute Compare 
Enable 




Unchanged 


Unrestricted 


HCE 


RTCC.4 


RTC Hour Compare 
Enable 




Unchanged 


Unrestricted 


RTC RE 


RTCC.3 


RTC Read Enable 







Unrestricted 


RTCWE 


RTCC.2 


RTC Write Enable 







Read: Unrestricted 
Write: Timed Access 


RTC IF 


RTCC.1 


RTC Interrupt Flag 




Unchanged 


Unrestricted 


RTCE 


RTCC.O 


RTC Enable 




Unchanged 


Read: Unrestricted 
Write: Timed Access 


E4K 


TRIM.7 


External 4096 Hz RTC 
Signal Enable 







X12/6 


TRIM.6 


RTC Crystal Capaci- 
tance Select 




Unchanged 


TRM2-0 


TRIM.5 
TRIM.3 
TRIM.1 


RTC Trim Bit 2-0 




Unchanged 


Read: Unrestricted 
Write: Timed Access 
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RTCS;FBh, RTCM;FCh, RTCH;FDh, RTCDO;FEh, 
RTCD1;FFh), RTC alarm registers (RTASS;F2h, 
RTAS;F3h, RTAM;F4h, RTAH;F5h), RTC calibration 
(TRIM;96h), and RTC control (RTCC;F9h). 

STARTING AND STOPPING THE RTC 

Operation of the RTC is enabled by setting the RTC En- 
able bit, RTCE (RTCC.O) to 1. This will start the RTC 
crystal amplifier, and begin clocking the RTC. Like all 
crystal oscillators, the RTC crystal oscillator has a crys- 
tal warm-up period. Software should allow a minimum 
of 1 second between setting the RTCE bit to 1 and initial- 
izing the time. This allows the clock to be guaranteed 
stable when timekeeping begins. Although it may be de- 
sired to program the RTC time registers and then start 
the oscillator, this sequence is not recommended be- 
cause of the delay incurred by the RTC crystal warm-up 
period. 

There are two situations where the RTC will be started. 
The first is the case where the RTC has been intention- 
ally halted following normal operation. When the RTCE 
bit is set, the time registers will continue their count from 
the last setting when the clock was stopped. The RTC 
time value will be inaccurate, although the settings of 
the RTC alarm registers and the RTCC register will re- 
main intact. 

The second case is following the application of battery 
power. Most of the registers associated with the RTC 
are non-volatile, so that they will maintain their state 
while Vcc is removed. When battery power is applied to 
the device, however, the battery backed registers and 
bits associated with the RTC will be in an indeterminate 
state and will need to be reinitialized. This includes the 
RTC Interrupt Flag, RTC IF (RTCC.1), which should be 
cleared before setting the RTC Interrupt Enable bit 
(EIE.5). 

The RTC can be halted by clearing the RTCE bit to 0. 
This will immediately halt the RTC and will freeze all the 
time registers at their current value and preserve all the 
RTC settings. If RTC functions are not desired, this can 
be used to reduce the power consumption of the device 
while in battery backed mode. 



Access to the RTC time registers (RTCSS, RTCS, 
RTCM, RTCH, RTCDO, RTCD1) is enabled by the 
RTC RE (RTCC. 3) and RTC WE (RTCC.2) bits. Both 
user software and the internal clock directly write and 
read the RTC time. To prevent the possibility of both 
user software and the internal timer accessing the same 
register simultaneously, the DS87C530 incorporates a 
register locking mechanism. Updates to the RTC time 
registers by the internal timer are temporarily sus- 
pended for up to 1 .95 ms during software read or write 
operations. If a subsecond timer tick should occur dur- 
ing the 1 .95 ms window, it will be processed immediately 
as soon as either the RTCWE or RTC RE bit is cleared. 
Because the subsecond timer tick interval is 3.906 ms, 
the 1 .95 ms window allows sufficient time to complete 
any operations and process suspended timer ticks be- 
fore the next timer tick occurs. In this way, no timer ticks 
can be lost, and accessing the time registers will not af- 
fect the accuracy of the RTC. To allow any pending timer 
ticks to propagate through the RTC circuitry, software 
must wait 4 machine cycles after setting the RTCWE or 
RTC RE bits before accessing any of the RTC time reg- 
isters. 

Reading the current time from any or all of the RTC time 
registers is accomplished by the following procedure: 

1 . Disable all interrupts by clearing the EA bit (IE. 7), 

2. Set the RTC RE bit (RTCC. 3), 

3. Wait 4 machine cycles, 

4. Read the appropriate register(s) within 1 ms of 
RTC RE being set, 

5. CleartheRTCREbit(RTCC.3), 

6. Enable interrupts by setting the EA bit (IE. 7). 

The time on the DS87C530 is set by writing to the Clock 
Registers. The Second, Minute, Hour, Day of the Week, 
and Day Count can be set by writing to the respective 
registers. It is not possible to set the Subsecond Real 
Time Clock Register (RTCS; FAh). This register is auto- 
matically reset to OOh when the RTCWE bit is cleared, 
either through software or the automatic time-out of the 
1 .95 ms write window. Writing an invalid time to these 
registers (loading the RTCM register with 3Dh or 61 
minutes, for example) will result in an inaccurate count 
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by the RTC. It is the responsibility of the software to en- 
sure that only valid times are written to these registers. 

The procedure for setting an RTC time register is as fol- 
lows: 

1 . Disable all interrupts by clearing the EA bit (IE.7), 

2. Perform a Timed Access procedure, 

3. Set the RTCWE bit (RTCC.2), 

4. Wait 4 machine cycles, 

5. Write the appropriate register(s) within 1.95 ms of 
RTCWE being set, 

6. Perform a Timed Access procedure, 

7. Clear the RTCWE bit (RTCC.2), 

8. Enable interrupts by setting the EA bit (IE.7). 

USING THE RTC ALARM 

The RTC alarm function is used to generate an interrupt 
when the RTC value matches selected alarm register 
values. An alarm can be triggered by a match on one or 
more of the following alarm registers: Subsecond 
(RTASS;F2h), Second (RTAS; F3h), Minute (RTAM; 
F4h),and Hour(RTAH; F5h). Note that there is no alarm 
register associated with the RTC Day Count or Day of 
Week registers. If an alarm is desired on a specific date, 
an alarm can be executed once a day and user software 
can compare the current date against the Day Register. 
It is not necessary to set the RTC Write Enable bit, 
RTCWE, when setting the alarm registers. 

The alarm can be set to occur on a match with any or all 
of the alarm registers. An alarm can occur on a unique 
time of day, or a recurring alarm can be programmed ev- 
ery subsecond, second, minute, or hour. Alarms can oc- 
cur synchronously, when the clock rolls over to match 
the alarm condition, or asynchronously, if the alarm reg- 
isters are set to a value that matches the current time. 
Note that only one alarm may occur per subsecond tick. 
This means that if a synchronous alarm has already oc- 
curred during the current subsecond, software cannot 
cause an asynchronous alarm in the same subsecond. 

The specific alarm registers to be compared are se- 
lected by setting or clearing the corresponding compare 
enable bits (RTCC.7-4). Any compare bit which is 
cleared will result in that register being treated as a 
Don't Care when evaluating alarm conditions. Clearing 



all the compare enable bits will disable the ability of the 
RTC to cause an interrupt, and will immediately clear the 
RTC Interrupt Flag (RTCC.1). Unlike some interrupts, 
the RTC flag is not cleared by exiting the RTC interrupt 
service routine and must be explicitly cleared in soft- 
ware. 

The general procedure for setting the RTC alarm regis- 
ters to cause a RTC interrupt is as follows: 

1 . Clear the ERTCI Enable bit (EIE.5), 

2. Clear all RTC Alarm Compare enable bits 
(ANL RTCC,#0Fh), 

3. Write one or more RTC Alarm registers, 

4. Set the desired RTC Alarm Compare enable bits, 

5. Set the ERTCI Enable bit (EIE.5). 

Setting the alarm to cause an interrupt once during a 
24-hour period is done by setting all the alarm registers 
to the desired value and enabling all compare bits. A re- 
curring alarm is enabled by clearing the compare enable 
bits associated with one or more alarm registers. For ex- 
ample, to specify an alarm to occur once a minute, the 
SSCE and SCE bits would be set. In general, a recurring 
alarm is set using the next lower time increment than the 
desired interrupt period. For example, if an alarm was 
desired once an hour, on the hour, a compare on the 
Real Time Alarm Minute Register would be performed, 
because the Real Time Clock Minute Register will 
match the corresponding alarm register only once an 
hour. The RTASS, RTAS, and RTAM registers would be 
cleared to OOh, and the SSCE, SCE, and MCE bits 
would all be set to 1 to match on the time xx:00:00:00. 
Writing an invalid time to these registers (loading the 
RTAM register with 3Dh or 61 minutes, for example) will 
never cause a match by the RTC. It is the responsibility 
of the software to ensure that only valid times are written 
to these registers. 

It is important to remember that any RTC register whose 
corresponding compare enable bit is cleared to will al- 
ways be treated as a match. The alarm registers are 
interrogated once per subsecond tick to check for an 
alarm condition. If the SSCE bit was set to a don't care 
(cleared to 0) in the above example, a match (and inter- 
rupt) would occur during every subsecond of the minute 
in which the Real Time Alarm Minute register matched. 
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If an alarm occurs while in data retention state (V cc < 
v bat). the RTCIF flag will be set and the interrupt will re- 
main pending. When power is reapplied to the device, 
the device will execute an RTC interrupt as soon as in- 
terrupts are enabled. 

USING THE DAY OF THE WEEK BITS 

The DS87C530 contains 3 Day of the Week bits, 
DOW.2-0 located in the upper 3 bits of the Real Time 
Clock Hour register (RTCH;FDh). These allow the pro- 
cessor to count from 1 to 7. The day of the week bits will 
increment anytime the hour register changes from 17h 
to OOh, indicating a new day. When the day of the week 
register reaches a count of 1 1 1 b, it will roll over to 001 b. 

If the day of the week feature is not needed, writing 000b 
to the bits will disable the ability of an hour register rol- 
lover to change the day of the week. The bits will remain 
at 000b. This is very convenient from a software stand- 
point, as it is not necessary to zero out the high order bits 
when determining the hour from the RTC Hour register. 

CHOOSING AN RTC CRYSTAL 

The RTC clock source is provided by an external 32.768 
kHz crystal attached to the RTCX1 and RTCX2 leads of 
the DS87C530. The device can be programmed to op- 
erate with a crystal rated for either a 6 pF or 1 2.5 pF load 
capacitance. The crystal selection is determined by the 
RTC Crystal Capacitance Select bit (TRIM.6). The de- 
fault state of this bit after a no-battery reset is for a 12.5 
pF crystal. 

In general, a lower capacitance crystal will consume 
less power, but will be more susceptible to noise. Unlike 
the processor crystal inputs (X1 , X2), the RTC crystal 
does not require external load capacitors. Placing load 
capacitors on the RTC crystal input pins will cause the 
RTC to keep incorrect time. To prevent system noise 



from affecting the RTC, the RTCX1 and RTCX2 pins 
should be guard-ringed with the GND2 signal. 

CALIBRATING THE RTC OSCILLATOR 

Although the DS87C530 RTC accuracy is guaranteed 
for +/- 2 minutes per month, users may occasionally re- 
quire greater accuracy. The RTC incorporates the ability 
to adjust the internal capacitance of the crystal amplifier 
via the RTC Trim Bits (TRM2-0 and TRM2-0). This al- 
lows the user to more accurately match the capacitance 
of the crystal amplifier to the crystal. Note that under 
most circumstances no adjustment of the RTC crystal 
capacitance is necessary, as it will default to a minimum 
accuracy of +/- 2 minutes per month. 

All of the crystal capacitance controls are located in the 
RTC Trim register (TRIM;96h). Setting the E4K bit will 
enable the output of a 4096 Hz signal on P1 .7. This sig- 
nal is derived from a divide by 8 of the 32.768 kHz crys- 
tal. Because this is directly generated from the RTC, it 
can be used to determine the actual frequency of the 
RTC. By adjusting the value of the TRMx bits, the inter- 
nal capacitance of the RTC can be varied, slightly slow- 
ing or speeding up the RTC frequency. The combination 
of TRMx bits (TRIM. 5-0) that causes the output on pin 
P1 .7 to most closely approximate 4096 Hz will provide 
the most accurate setting of RTC capacitance. 

As a precaution against accidental corruption of the os- 
cillator trim bit settings, the TRMx bits must be pro- 
grammed in the same instruction to the inverse of their 
respective TRMx bits. For example, if a trim bit setting of 
5 (101) was desired, the TRMx bits should be set to 2 
(01 0). An illegal combination will automatically reset the 
TRIM register to 0x1 001 01b. This will disable the E4K 
signal on P1.7, but leave the X12/6 bit unmodified. 

More information on calibrating the RTC oscillator for 
improved accuracy is located in Application Note 79, 
Using the DS87C530 Real Time Clock. 
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SECTION 15: BATTERY BACKUP 

The DS87C530 incorporates a feature which can main- 
tain timekeeping and on-chip SRAM contents in the ab- 
sence of V C c- An external energy source such as a lithi- 
um battery or 0.47 F super cap can be connected to the 
Vbat P in - The nominal battery voltage should be 3V. For 
proper operation, the battery voltage must always be at 
least a diode drop (0.7V) below V cc , and is recom- 
mended to be below Vrst 

The DS87C530 will automatically enter data retention 
mode when Vcc < Vbat- When in data retention mode, 
the RTC and SRAM contents are powered from the en- 
ergy source connected to the Vbat P in and electrically 
isolated from the rest of the device. This means that 
writes to battery backed SFRs and SRAM are ignored 
and reads will return erroneous data while in data reten- 
tion mode. The DS87C530 Data Sheet contains a func- 
tional diagram of the internal battery switching circuitry. 

The data retention switch voltage, the point at which the 
device switches into data retention mode, is a function 
of the battery voltage, not an absolute reference. Care 
must be taken when selecting a battery so that its volt- 
age will stay below Vcc during normal operation to pre- 
vent an unplanned lockout of the RTC and SRAM. Al- 
though it is unlikely that such a situation would occur, it 
could become an issue if a relatively high voltage bat- 
tery is used. For example, suppose a 4.5 V battery is 
used with a device operating at a V C c of 5.0 V. During 
normal operation, V C c will be above V B at> so no prob- 



lem will occur. Suppose that a loss of power occurs, and 
V C c begins to drop. Under normal circumstances, the 
device will continue to operate until it reaches V RS t 
(4.0V to 4.25V), at which time device operation will halt. 
If Vbat is higher than V R st. however, RTC and SRAM 
access will be prohibited before the device enters reset. 
This means that there may be a short period of time be- 
fore reset when the device is operating but could read 
erroneous data from the RTC or SRAM or fail to write to 
them. One solution would be to use the power-fail inter- 
rupt to halt reads or writes to the RTC or SRAM when 
Vcc ' s dropping. The best approach is to carefully select 
battery voltages to avoid the problem entirely. 

SELECTING A BATTERY 

There are a number of battery chemistries and brands 
that are suitable for use with battery-backed members 
of the High-Speed Microcontroller Family. The use of 
lithium chemistry batteries, such as Lithium Manganese 
Dioxide, is preferred as their nominal voltage is approxi- 
mately 3.0V. Coin cells are particularly suited for use 
with the High-Speed Microcontroller Family because of 
their capacity, low profile, and small diameter. Many are 
available with PC mount tabs attached for automated 
assembly. Table 1 5-1 shows a list of some common bat- 
teries and their capacities. This list is by no means ex- 
haustive, and the inclusion or exclusion of any vendor 
from this list is in no way a comment on the suitability of a 
specific battery in a customer's application. 



SUGGESTED BATTERIES FOR USE WITH DS87C530 Table 15-1 



MANUFACTURER 


MODEL NUMBER 


TYPE 


NOMINAL 
VOLTAGE 


CAPACITY 


Panasonic 

PH: (201) 
348-5266 


CR1620 


Lithium/Manganese Dioxide 


3V 


70mAh 


CR1616 


Lithium/Manganese Dioxide 


3V 


50 mAh 


CR1220 


Lithium/Manganese Dioxide 


3 V 


35 mAh 


BR1616 


Lithium/poly-carbon monofluoride 


3 V 


48 mAh 


BR1225 


Lithium/poly-carbon monofluoride 


3 V 


38 mAh 
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Battery life can be calculated by dividing the rated bat- 
tery capacity by the Ibat current specified on the device 
specific data sheet. Note that this determines the mini- 
mum battery life; while Vqc * s applied to the device, it 
draws negligible current from the battery, and so battery 
life will be lengthened accordingly. Backup current is a 
function of temperature, and therefore battery life is de- 
pendent on the operating environment. 

The registers shown in Table 1 5-2 are battery-backed, 
and one or more bits will be indeterminate following a 
no-battery reset. They should be initialized as part of a 
no-battery reset procedure. 



LITHIUM BATTERY CONSIDERATIONS 

Lithium primary batteries (non-rechargeable) can fail 
and/or rupture if subjected to reverse current from the 
device they are powering. The battery-switching circuit- 
ry inside the DS87C530 was designed to reduce or elim- 
inate the need for external hardware required to meet 
battery safety regulations. As shown in the DS87C530 
Data Sheet, a current limiting resistor is always in series 
with a switching field-effect transistor, regardless of 
whether the DS87C530 is drawing current from Vqc or 
Vbat Pi ns - This satisfies the two mechanism require- 
ment of most safety codes. 



BATTERY BACKED SFRS Table 15-2 



REGISTER NAME 


LOCATION 


TRIM 


96h 


RTASS 


F2h 


RTAS 


F3h 


RTAM 


F4h 


RTAH 


F5h 


RTCC 


F9h 


RTCSS 


FAh 


RTCS 


FBh 


RTCM 


FCh 


RTCH 


FDh 


RTCDO 


FEh 


RTCD1 


FFh 
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SECTION 16: INSTRUCTION SET DETAILS 





MMCM/*ikiir* 
MNbMUNIU 


INSTRUCTION CODE 


upv 
nCA 


RVTP 

□ tic: 




PYDI AK1ATIOKI 




D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


Do 




ADD A, Rn 








1 





1 


n 2 


ni 


no 


28-2F 


1 


1 


(A) = (A) + (Rn) 




ADD A, direct 




3 7 




36 


1 

35 




34 




33 


1 

a 2 




31 


1 

a 


25 
Byte 2 


2 


2 


(A) = (A) + (direct) 




ADD A, @Ri 








1 








1 


1 


i 


26-27 


1 


1 


(A) = (A) + ((Ri)) 




ADD A, #data 



d 7 



d 6 


1 

d 5 




d 4 



d 3 


1 

d 2 



di 



do 


24 
Byte 2 


2 


2 


(A) = (A) + #data 




ADDC A, Rn 








1 


1 


1 


n 2 


"1 


no 


38-3F 


1 


1 


(A) = (A)+(C)+(Rn) 




ADDCA.direct 




37 




36 


1 

35 


34 




33 


1 

32 




31 


1 

ao 


35 
Byte 2 


2 


2 


(A) = 

(A)+(C)+(direct) 




ADDC A, @Ri 








1 


1 





1 


1 


i 


36-37 


1 


1 


(A) = (A)+(CW(RI)) 




ADDC A,#data 



d 7 



d 6 


1 

d 5 


d 4 



d 3 


1 

d 2 



di 



do 


34 
Byte 2 


2 


2 


(A) = (A)+(C)+#data 




SUBB A, Rn 


1 








1 


1 


n 2 


«M 


no 


98-9F 


1 


1 


(A) = (A)-(C)-(Rn) 


ATION 


SUBB A.direct 


1 

a 7 




36 




a 5 


1 

34 



33 


1 

a 2 



*l 


1 

30 


95 
Byte 2 


2 


2 


(A) = 

(A)-(C)-(direct) 


cc 

UJ 

a 


SUBB A, @Ri 


1 













1 


1 




96-97 


1 


1 


(A) = (AMCM(Ri)) 


IETIC 


SUBB A,#data 


1 

d 7 



d 6 



d 5 


1 

d 4 




d 3 


1 

d 2 



di 



do 


94 
Byte 2 


2 


2 


(A) = (A)-(C)-#data 


X 

i- 


INC A 

















1 








04 


1 


1 


(A) = (A) + 1 


< 


INC Rn 














1 


n 2 


ni 


no 


08-OF 


1 


1 


(Rn) = (Rn) + 1 




INC direct 



a 7 




36 




35 




34 




3 3 


1 

32 




31 


1 

30 


05 
Byte 2 


2 


2 


(direct) = (direct)+1 




INC @Ri 

















1 


1 


i 


06-07 


1 


1 


((Ri)) = ((Ri)) + 1 




INC DPTR 


1 





1 











1 


1 


A3 


1 


3 


(DPTR)=(DPTR)+1 




DEC A 











1 





1 








14 


1 


1 


(A) = (A) - 1 




DEC Rn 











1 


1 


n 2 


ni 


no 


18-1F 


1 


1 


(Rn) = (Rn) - 1 




DEC direct 



a 7 




36 




35 


1 

34 




33 


1 

32 




31 


1 

30 


15 
Byte 2 


2 


2 


(direct) = (direct)-1 




DEC @Ri 











1 





1 


1 


i 


16-17 


1 


1 


((Ri)) = ((Ri)) - 1 




MULAB 


1 





1 








1 








A4 


1 


5 


(B 15 _ 8 ), (A 7 _q) 
= (A) X (B) 




DIV AB 


1 














1 








84 


1 


5 


(Ai5-a). (A 7 -o) 
= (A)*(B) 
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MNEMONIC 


INSTRUCTION CODE 


HEX 


BYTE 


CYCLE 


EXPLANATION 




D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


Do 


ARITHMETIC OPER. 


DA A 


1 


1 





1 





1 








D4 


1 


1 


Contents of Accu- 
mulator are BCD, 
IF [[(A 3 -o) > 9] OR 
[(AC) = 1]] THEN 

?Ao r.\ — (Ao r.) -i- fi 

v M 3-0^ - ^"3-0^ + D 
AND 

IF [[(A 7 . 4 ) > 9] OR 
[(C) = 1]] THEN 
(A 7 . 4 ) = (A 7 . 4 ) + 6 




ANL A, Rn 





1 





1 


1 


n 2 


n1 


"0 


58-5F 


1 


1 


(A) = (A) AND (Rn) 




AMI A Hir^ot 

anl A, direct 



a 7 


1 

36 




35 


1 

34 



33 


1 

32 




31 


1 

30 


DO 

Byte 2 


o 


d. 


(A) = 

(A) AND (direct) 




AMI A ffttD\ 

ANL A, <C? HI 





1 





1 





1 


1 


1 


CC C"7 


1 


4 
1 


/A\ i A\ AMR //Di\\ 

(A) = (A) AND ((Hi)) 




ANL A, #data 



d 7 


1 

d 6 



d 5 


1 

d 4 



d 3 


1 

d 2 



di 



do 


54 
Byte 2 


2 


2 


(A)=(A) AND #data 




ANL direct, A 




37 


1 

36 



35 


1 

34 




33 




32 


1 

31 




30 


52 
Byte 2 


2 


2 


(direct) = 
(direct! AND A 




ANL direct, 
#data 



a? 
d 7 


1 

36 

d 6 




35 

d 5 


1 

34 

d 4 



3 3 

d 3 




32 
d 2 


1 

31 

di 


1 

3 

do 


53 
Byte 2 
Byte 3 


3 


3 


(direct) = 

(riirprti AND #riata 




ORL A, Rn 





1 








1 


n 2 


ni 


no 


48-4F 


1 


1 


(A) = (A) OR (Rn) 




ORL A, direct 




3 7 


1 

36 




35 




34 




33 


1 

a 2 




31 


1 

ao 


45 
Byte 2 


2 


2 


(A) = 

(A) OR (direct) 


IPERATION 


r\DI A Aid 
UHL A, vePHI 





1 











1 


1 


i 


4b-4/ 


1 


1 


/A\ /A\ f~\ d 

(A) = (A) OR ((Ri)) 


ORL A, #data 



d 7 


1 

d 6 



d 5 




d 4 



d 3 


1 

d 2 



di 



do 


44 
Byte 2 


2 


2 


(A) = (A) OR #data 


LOGICAL C 


ORL direct, A 



a 7 


1 

36 




35 




34 




33 




32 


1 

31 




30 


42 
Byte 2 


2 


2 


(direct) = 
(direct! OR (A) 


ORL di- 
rect #data 




37 

d 7 


1 

36 

d 6 




35 

d 5 




34 
d 4 




33 

d 3 



32 

d 2 


1 

31 
d! 


1 

ao 
do 


43 
Byte 2 
Byte 3 


3 


3 


(direct) = 
(directt OR #data 




XRL A, Rn 





1 


1 





1 


n 2 


ni 


no 


68-6F 


1 


1 


(A) = (A) XOR (Rn) 




xhl A, direct 




37 


1 

36 


1 

35 




34 




33 


1 

32 



ai 


1 

ao 


65 
Byte 2 


2 


2 


(A) = 

(A) XOR (direct) 




VDI A fffi 

AhtL A, <& HI 





1 


1 








1 


1 


i 


66-67 


1 


1 


/A\ /a\ f/o;\\ 

(A) = (A) XOR ((Ri)) 




XRL A, #data 



d 7 


1 

d6 


1 

d5 



d 4 



d 3 


1 

d 2 



di 



do 


64 
Byte 2 


2 


2 


(direct) = 

(A) XOR #data 




XRL direct, A 




37 


1 

36 


1 

35 




34 




33 



a 2 


1 

31 



a 


62 
Byte 2 


2 


2 


(direct) = 

(riirprrt XOR IA\ 




ahl airect, 
#data 



37 

d 7 


1 

36 

d 6 


1 

35 

d 5 




34 
d 4 



33 

d 3 




32 

d 2 


1 

ai 
di 


1 

30 

do 


CO 

63 

Byte 2 
Byte 3 


3 


3 


(direct) = 

(direct) XOR #data 




CLR A 


1 


1 


1 








1 








E4 


1 


1 


(A) = 




CPLA 


1 


1 


1 


1 





1 








F4 


1 


1 


(A) = (S) 
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MNEMONIC 


INSTRUCTION CODE 


HEX 


BYTE 


CYCLE 


EXPLANATION 


D 7 D 6 D 5 D 4 D 3 D 2 Di D 


LOGICAL OPERATION 


RL A 


00100011 


23 


1 


1 


H *sN As|a 2 |a,| Ao|J 

The contents of the 
accumulator are ro- 
tated left by one bit. 


RLC A 


1 1 1 1 


33 


1 


1 


The contents of the 
accumulator are ro- 
tated left by one bit. 


RR A 


1 1 


03 


1 


1 


The contents of 
the accumulator 
are rotated right 
by one bit. 


RRC A 


1 1 1 


13 


1 


1 


r^HA^AjAskkMA.lAoH 
The contents of the 

dUOUl IIUIcULM die [U 

tated right by one 
bit. 


SWAP A 


1 1 1 


C4 


1 


1 


(A 3 -o) 25 (A 7 . 4 ) 


DATA TRANSFER 


MOV A, Rn 


1 1 1 1 ri2 r>i no 


E8-EF 


1 


1 


(A) = (Rn) 


MOV A direct 


1110 10 1 
a 7 a 6 a 3 a* a 3 a2 a-| ao 


E5 
Byte 2 


2 


2 


ia\ = (direct! 

\ / » / — 1VJII COL J 


MOV A, @Ri 


1110 11 i 


E6-E7 


1 


1 


(A) = ((Ri)) 


MOV A, #data 


1110 10 
d 7 d 6 ds d 4 d 3 d2 di do 


74 
Byte 2 


2 


2 


(A) = #data 


MOV Rn, A 


1 1 1 1 1 x\2 n-j no 


F8-FF 


1 


1 


(Rn) = (A) 


MOV Rn, 
direct 


1 1 1 n 2 n-i no 

3-7 f)f> 3r 9,1 3n 3n 9.4 3n 

a 7 a o a 5 °4 "3 "2 a 1 "0 


A8-AF 
Byte 2 


2 


2 


(Rn) = (direct) 


MOV Rn, 
#data 


1 1 1 1 n 2 n-i n 

ri-r f~i/-N n r H, rin rln fij rirt 
u 7 ij d u 5 u 4 u 3 2 IJ 1 u 


78-7F 
Byte 2 


2 


2 


(Rn) = #data 


MOV direct, A 


11110 10 1 
a 7 a 6 a 5 a 4 a 3 a 2 a^ a 


F5 
Byte 2 


2 


2 


(direct) = (A) 


MOV direct, 
Rn 


1 1 n 2 n-| n 
a 7 a$ a 5 a 4 a 3 a 2 a-| a 


88-8F 
Byte 2 


2 


2 


(direct) = (Rn) 


MOV directl , 
direct2 


1 1 1 

a 7 a 6 a 5 a 4 a 3 a 2 a-i a 
a 7 &q a 5 a 4 a 3 a 2 a-| a 


85 
Byte 2 
Byte 3 


3 


3 


(directl ) = (direct2) 

(source) 

(destination) 


MOV direct, 
@Ri 


1 1 1 i 
a 7 a 6 a 5 a4 a 3 a 2 a! ao 


86-87 
Byte 2 


2 


2 


(direct) = ((Ri)) 



143 
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MNEMONIC 


INSTRUCTION CODE 


HEX 


BYTE 


CYCLE 


EXPLANATION 




Dy 


D 6 


D 5 


D 4 


D 3 


D 2 


Di 


Do 




MOV direct, 
#data 




a 7 
dv 


1 

36 

da 


1 

a 5 

Ck 
u o 


1 

34 

di 



33 

ds 


1 

a 2 
do 




31 

di 


1 

a 
dn 


75 
Byte 2 
Byte 3 


3 


3 


(direct) = #data 




MOV @Ri, A 


1 


1 


1 


1 





1 


1 


i 


F6-F7 


1 


1 


((Ri)) = A 




MOV @Ri, 
direct 


1 

a 7 



ae 


1 

a 5 



a 4 




a 3 


1 

a 2 


1 

31 


30 


A6-A7 
Byte 2 


2 


2 


((Ri)) = (direct) 




MOV @Ri, 
#data 



d 7 


1 

d 6 


1 

d 5 


1 

d 4 



d 3 


1 

d 2 


1 

d1 


i 

do 


76-77 
Byte 2 


2 


2 


((Ri)) = #data 




MOV DPTR, 
#data16 


1 

d 7 
d 7 



d 6 
d 6 



d 5 
d 5 


1 

d4 

d 4 



d 3 
d 3 



d 2 
d 2 



di 
di 



do 
do 


90 
Byte 2 
Byte 3 


3 


3 


(DPTR) = #datai5_ 
(DPH) = #data 15 . 8 
(DPL) = #data 7 . 




MOVC A, @A 
+ DPTR 


1 








1 








1 


1 


93 




3 


(A)=((A) + (DPTR)) 


NSFEF 


MOVC A, @A 
+ PC 


1 

















1 


1 


83 


1 


3 


(A) = ((A) + (PC)) 


TRA 


MOVX A, @Ri 


1 


1 


1 











1 


i 


E2-E3 




2-9 


(A) = ((Ri)) 


DATA 


MOVX 
@DPTR 


1 


1 


1 

















EO 




2-9 


(A) = ((DPTR)) 




IVHJVa ©hi, A 


1 


1 


1 


1 








1 


i 


CO CO 




O Q 


((HI)) = (A) 




MOVX 
@ DPTR, A 


1 


1 


1 


1 














F0 


1 


2-9 


((DPTR)) = (A) 




PUSH direct 


1 


1 

"6 



a 5 










a 2 



a 1 




tin 

<*0 


CO 
Byte 2 


2 


2 


(SP) = (SP) + 1 
((SP)) = (direct) 




POP direct 


1 

a 7 


1 

ae 


o 

as 


1 

a 4 


o 

a 3 


o 

32 




31 




30 


DO 
Byte 2 


2 


2 


(direct) = ((SP)) 
(SP) = (SP) - 1 




XCH A, Rn 


1 


1 








1 


n 2 


r»i 


no 


C8-CF 


1 


1 


(A) = (Rn) 




XCH A, direct 


1 

a 7 


1 

as 




35 



a 4 




3 3 


1 

32 




31 


1 

30 


C5 
Byte 2 


2 


2 


(A) = (direct) 




XCH A, @Ri 


1 


1 











1 


1 


i 


C6-C7 


1 


1 


(A) = ((Ri)) 




XCHD A, @Ri 


1 


1 





1 





1 


1 


i 


D6-D7 


1 


1 


(A 3 - ) = ((Ri 3 -o)) 



- 
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MNEMONIC 


INSTRUCTION CODE 


HEX 


BYTE 


CYCLE 


EXPLANATION 


D 7 


L>6 


D 5 


D 4 


d 3 


n 
°2 


n 
D 1 


Do 










PI R P 


1 


1 














1 


1 


C3 


•) 


-| 


fCl - 
v^i — u 


CLR bit 


1 


1 














1 





PO 






m 


(Dlt) = U 




"7 


be 


bs 


b 4 


u 

b 3 


u 
"2 


bi 


bo 


Byte 2 








SETB C 


1 


1 





1 








1 


1 


D3 


•| 


1 


(CI - 1 


SETB bit 


1 


1 





1 








1 








m 



c 


(bit) = 1 




by 


b 6 


b 5 


b 4 


b 3 


b 2 


bi 


bo 


Byte 2 








CPL C 


1 





1 


1 








1 


1 


DO 
DO 


4 
1 


4 
1 


(C) = (C) 


CPL bit 


1 





1 


1 








1 





B2 


2 


2 


(bit) = (Bit) 




b 7 


be 


be 


b 4 


b 3 


b 2 


bi 


bo 


Byte 2 








ANL C, bit 


1 

















1 





82 


2 


2 


(C) = (C) AND (bit) 




b 7 


be 


b 5 


b 4 


b 3 


b 2 


bi 


bo 


Byte 2 








ANLC, Bit 


1 





1 


1 














BO 


2 


2 


(C) = (C) AND (Bit) 




b 7 


be 


b 5 


b 4 


b 3 


b 2 


tN 


bo 


Byte 2 








ORL C, bit 





1 


1 


1 








1 





72 


2 


2 


(C) = (C) OR (bit) 




b 7 


b6 


b 5 


b 4 


b 3 


b 2 


bi 


bo 


Byte 2 








ORL C, Bit 


1 





1 

















AO 


2 


2 


(C) = (C) OR (Bit) 




b 7 


be 


b 5 


b 4 


b 3 


b 2 


bi 


bo 


Byte 2 








MOV C, bit 


1 





1 











1 





A2 


2 


2 


(C) = (bit) 




b 7 


be 


b 5 


b 4 


b 3 


b 2 


bi 


bo 


Byte 2 








MOV bit, C 


1 








1 








1 





92 


2 


2 


(bit) = (C) 




b 7 


be 


be 


b 4 


b 3 


b 2 


bi 


bo 


Byte 2 
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MNEMONIC 


INSTRUCTION CODE 




BYTE 


CYCLE 


EXPLANATION 


D 7 D 6 D 5 D 4 D 3 D 2 D 


HEX 


PROGRAM BRANCHING 


ACALLaddrH 


a 10 a 9 a 8 1 1 
a 7 a6 as a 4 83 a 2 a-| a 


Byte 1 
Byte 2 


2 


3 


(PC) = (PC) + 2 
(SP) = (SP) + 1 
((SP)) = (PC 7 . ) 
(SP) = (SP) + 1 
((SP)) = (PC 15 . 8 ) 
(PC)=page address 


LCALLaddr16 


1 1 
ais a u a 13 a 12 an a 10 a 9 a 8 
a 7 a 6 a 5 a 4 a 3 a 2 a-i a 


12 
Byte 2 
Byte 3 


3 


4 


(PC) = (PC) + 3 
(SP) = (SP) + 1 
((SP)) = (PC™) 
(SP) = (SP) + 1 
((SP)) = (PC 15 . 8 ) 
(PC) = addH 5.0 


RET 


1 1 


22 


1 


4 


(PC 15 . 8 ) = ((SP)) 
(SP) = (SP) - 1 
(PC 7 _ ) = ((SP)) 
(SP) = (SP) - 1 


RETI 


1 1 1 


32 


1 


4 


(PC 15 - 8 ) = ((SP)) 
(SP) = (SP) - 1 
(PC 7 . ) = ((SP)) 
(SP) = (SP) - 1 


AJMP addr 11 


am ao a« 1 

« I u y 

a 7 a 6 a 5 a 4 a 3 a 2 a-| a 


Byte 1 
Byte 2 


2 


3 


(PC) = (PC) + 2 

(PCio-o) = 
page addr 


LJMPaddr16 


1 
ais ai4 a 13 a 12 an a 10 a 9 a 8 
a 7 a6 as a 4 a 3 a 2 a, ao 


02 
Byte 2 
Byte 3 


3 


4 


(PC) = addr15-0 


SJMP rel 


1 

r 7 re r 4 r 3 r 2 r-i rn 


80 
Byte 2 


2 


3 


(PC) = (PC) + 2 
(PC) = (PC) + rel 


JMP @A + 
DPTR 


1110 11 


73 


1 


3 


(PC) = (A) + 
(DPTR) 


JZ rel 


1 1 

r 7 r 6 r 5 r 4 r 3 r 2 r 1 r 


60 
Byte 2 


2 


3 


(PC) = (PC) + 2 
IF (A) = THEN 
(PC) = (PC) + rel 


JNZ rel 


1 1 1 

P? 16 r 5 r 4 r 3 r 2 r 1 r 


70 
Byte 2 


2 


3 


(PC) = (PC) + 2 
IF (A) ^ THEN 
(PC) = (PC) + rel 
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MNEMONIC 


INSTRUCTION CODE 


HEX 


BYTE 


CYCLE 


EXPLANATION 


D 7 D 6 D 5 D 4 D 3 D 2 D-| D 


PROGRAM BRANCHING 


JCrel 


1 
r 7 r 6 r 5 r 4 r 3 r 2 r-| r 


40 
Byte 2 


2 


3 


(PC) = (PC) + 2 
IF (C) = 1 THEN 
(PC) = (PC) + rel 


JNC rel 


01010000 
r 7 r 6 r 5 r 4 r 3 r 2 r-| r 


50 
Byte 2 


2 


3 


(PC) = (PC) + 2 
IF (C) # THEN 
(PC) = (PC) + rel 


JB bit, rel 


1 
by b 6 b 5 b 4 b 3 b 2 bi b 

T7 r 6 r 5 r 4 r 3 r 2 r 1 r 


20 
Byte 2 
Byte 3 


3 


4 


(PC) = (PC) + 3 
IF (bit) = 1 THEN 
(PC) = (PC) + rel 


JNB bit, rel 


1 1 
b 7 b 6 b 5 b 4 b 3 b 2 bi b 

r 7 r 6 r 5 r 4 r 3 r 2 r 1 r 


30 
Byte 2 
Byte 3 


3 


4 


(PC) = (PC) + 3 
IF (bit) = THEN 
(PC) = (PC) + rel 


JBC bit, direct 
rel 


1 
by b6 bs b 4 b 3 b 2 bi b 
1? r 6 '5 r 4 ^3 ^2 fi r 


10 
Byte 2 
Byte 3 


3 


4 


(PC) = (PC) + 3 
IF (bit) = 1 THEN 
(bit) = (PC) = 
(PC) + rel 


CJNE A, direct 
rel 


10 110 10 1 

a7 a6 a5 ad a3 a2 a1 aO 
r 7 r 6 r 5 r 4 r 3 r 2 n r 


B5 
Byte 2 
Byte 3 


3 


4 


(PC) = (PC) + 3 
IF (direct) < (A) 
THEN (PC) = (PC) 
+ rel and (C) = 
OR 

IF (direct) > (A) 
THEN (PC) = (PC) 
+ rel and (C) = 1 


CJNE A, #data 
rel 


10 110 10 

d7 d6 d5 d4 d3 d2 d1 dO 

r7 r 6 r 5 r 4 r 3 r 2 r, r 


B4 
Byte 2 
Byte 3 


3 


4 


(PC) = (PC) + 3 
IF #data < (A) 
THEN (PC) = (PC) 
+ rel and (C) = 
OR 

IF #data > (A) 
THEN (PC) = (PC) 
+ rel and (C) = 1 


CJNE Rn, 
#data rel 


10 1 1 1 n 2 n-| n 

-J~T Jr jo Jo J1 

d7 do do d 4 d3 d2 d1 du 
r7 r 6 r 5 r 4 r 3 r 2 rj r 


B8-BF 
Byte 2 
Byte 3 


3 


4 


(PC) = (PC) + 3 
IF #data < (Rn) 
THEN (PC) = (PC) 
+ rel and (C) = 
OR 

IF #data > (Rn) 
THEN (PC) = (PC) 
+ rel and (C) = 1 


CJNE @Ri, 
#data rel 


10 110 11 i 

0/ ob ab 04 ad dZ dl do 

r 7 r 6 r 5 r 4 r 3 r 2 ^ r 


B6-B7 
Byte 2 
Byte 3 


3 


4 


(PC) = (PC) + 3 
IF #data < ((Ri)) 
THEN (PC) = (PC) 
+ rel and (C) = 
OR 

IF #data > ((Ri)) 
THEN (PC) = (PC) 
+ rel and (C) = 1 
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MNEMONIC 


imctdi ii"*TifMvi pnnc 


HEX 


BYTE 


CYCLE 


EXPLANATION 


D 7 D 6 D 5 D 4 D 3 D 2 Di D 


PROGRAM BRANCHING 


DJNZ Rn, rel 


1 1 1 1 n 2 n-| n 

r 7 r 6 r( i r 4 r 3 r 2 r 1 r Q 

/ V ^ \J t. 1 «J 


D8-Df 
Byte 2 


2 


3 


(PC) = (PC) + 2 
(Rn) = (Rn) - 1 
IF (Rn) THEN 
IPC\ - IPCA + rpl 


DJNZ direct rel 


110 10 10 1 

a 7 a6 85 84 83 a2 ai ao 

r 7 r 6 r 5 r 4 r 3 r 2 r 1 r 


D5 
Byte 2 
Byte 3 


3 


4 


(PC) = (PC) + 3 
(direct) = (direct) - 1 
IF (direct)^O THEN 
(PC) = (PC) + rel 


NOP 


00000000 


00 


1 


1 


(PC) = (PC) + 1 



042595 147/149 



148 



HIGH-SPEED MICROCONTROLLER USER'S GUIDE 



SECTION 17: TROUBLESHOOTING 

DEVICE OPERATES AT 1/3 OF CRYSTAL 
SPEED 

The High Speed Microcontroller Family operates from 
the primary or fundamental mode of the external crystal. 
Many off-the-shelf high-frequency crystals are speci- 
fied to operate from their third overtone. When used with 
a High-Speed Microcontroller, these crystals will reso- 
nate in their primary mode, which will appear to be 1 /3 of 
the rated crystal speed. Make sure that any crystals 
used will operate at their rated speed in primary mode. 

DEVICE RESETS FOR NO REASON 

During the debugging process, it may be necessary to 
isolate the cause of an unexpected device reset. Be- 
cause resets are initiated by a limited number of 
sources, it is relatively easy to determine their source by 
interrogating a few bits. These bits should be 
interrogated early in the code following a reset to deter- 
mine its source. As a debug tool, software could set the 
state of one or more port pins to indicate the type of reset 
to the designer. Note that power supply problems or 
glitches will appear as unplanned power-on resets. 



SOURCE 


POR BIT 
WDCON.6 


WTRF BIT 
WDCON.3 


Power-on reset 


1 





Watchdog reset 





1 


External reset 









ACCESS TO INTERNAL MOVX SRAM IS 
UNSUCCESSFUL 

The internal MOVX SRAM available on some members 
of the High Speed Microcontroller Family is disabled af- 
ter any reset. To enable the on-chip SRAM, the soft- 
ware should configure the Data Memory Enable bits 
(PMR.1-0) as needed. 

When Vqc drops below V BAT , access to the SRAM is 
disabled to prevent corruption of the data. If the battery 
voltage is greater than V RST , this means that the proces- 
sor may continue to operate while SRAM access is de- 
nied. Make sure that the battery voltage remains below 
the minimum V RS t 



REAL-TIME CLOCK DOES NOT OPERATE 
OR KEEP ACCURATE TIME. 

The state of the real-time clock (RTC) used on the 
DS87C530 is undefined following a no-battery reset or 
battery attach. The RTC oscillator must be enabled by 
setting the RTCE bit (RTCC.O) for the RTC to work. 

The RTC is guaranteed to a minimum accuracy of +/-2 
minutes per month over the rated temperature and volt- 
age specifications. If the time is found to be less accu- 
rate than this, it is most likely due to the selection of crys- 
tal. Make sure that the RTC crystal is 32.768 kHz, and 
either 12.5 pF or 6 pF capacitance. The 12/6 bit 
(TRIM. 6) setting should correspond to the crystal in use. 
Unlike other crystals, external load capacitors should 
not be used with the RTC. These will seriously distort 
the accuracy of the clock. Additional information on de- 
sign considerations with the RTC can be found in Ap- 
plications Note 79, Using the DS87C530 Real Time 
Clock. 

SERIAL PORT DOES NOT WORK 

The serial port is not a complicated peripheral, but there 
are many elements that need to be initialized. The fol- 
lowing checklist is provided to help in debugging. 

1. Have the appropriate port latch bits (P3.0, P3.1, 
P1 .2, or P1 .3) been set to 1 to enable the serial port 
functions? 

2. Has the correct timebase been selected? (4 clocks 
per tick or 1 2 clocks per tick) 

3. Is the appropriate timer reload value loaded? 

4. Is the appropriate timer mode selected? 

5. Is the appropriate timer running by setting TRO, TR 1 , 
or TR2 bits? 

6. Is the correct serial port mode selected? 

7. If desired, is the serial port doubler bit, SMOD, set? 
(PCON.7 or WDCON.7) 

8. If desired, is the receive enable bit (REN_0 or 
REN_1 ) set? 

9. Is the serial port interrupt enabled? 

10. Is the global interrupt enable bit set? 
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HIGH-SPEED MICROCONTROLLER DOES 
NOT WORK IN EXISTING 8051 DESIGN 

Although the High Speed Microcontroller Family was 
designed as a drop in replacement for the 8051 family, 
occasionally a developer may notice problems when in- 
serting into an existing design. Often these problems 
are related to slow memory interfaces which cannot 
keep up with the increased throughput of the faster mi- 
crocontroller. In addition, software timing loops will run 



faster, possibly changing program operation. These 
and other effects are described in Application Note 56 
(The DS80C320 as a Drop-In Replacement for the 
8032). Application Note 57 (DS80C320 Memory Inter- 
face Timing) discusses memory interface timing for the 
DS80C320. Application Note 89 (High-Speed Micro 
Memory Interface Timing) discusses interfacing other 
members of the High-Speed Microcontroller family to 
external memory. 
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DATA SHEETS 



PRELIMINARY 



DALLAS 

SEMICONDUCTOR 



DS80C310 

High-Speed Micro 



FEATURES 

• 80C32 Compatible 

- 8051 pin and instruction set compatible 

- Full duplex serial port 

- Three 16-bit timer/counters 

- 256 bytes scratchpad RAM 

- Multiplexed address/data bus 

- Addresses 64KB ROM and 64KB RAM 

• High-Speed Architecture 

- 4 clocks/machine cycle (8051 = 12) 

- Runs DC to 33 MHz clock rates 

- Single-cycle instruction in 121 ns 

- Dual data pointer 

- Optional variable length MOVX to access fast/ 
slow RAM /peripherals 

• 10 total interrupt sources with 6 external 

• Internal power on reset circuit 

• Upwardly compatible with the DS80C320 

• Available in 40-pin PDIP, 44-pin PLCC, and 
44-pin TQFP 



DESCRIPTION 

The DS80C310 is a fast 80C31/80C32 compatible 
microcontroller. It features a redesigned processor core 
without wasted clock and memory cycles. As a result, it 
executes every 8051 instruction between 1.5 and 3 
times faster than the original architecture for the same 
crystal speed. Typical applications will see a speed 
improvement of 2.5 times using the same code and the 
same crystal. The DS80C31 offers a maximum crystal 
speed of 33 MHz, resulting in apparent execution 
speeds of 82.5 MHz (approximately 2.5X). 



PACKAGE OUTLINE 



P1 .0/T2 


1« 


P1.1/T2EX f= 


2 


P1.2f= 


3 


P1.3f= 


4 


P1.4/INT2 f= 


5 


P1 .5/1NT3 f= 


6 


P1.6/INT4f= 


7 


P1 7/INT5 f= 


8 


RST f— 


9 


P3.0/RXD0 f= 


10 


P3.1/TXD0 f= 


11 


P3.2/INT0 f= 


12 


P3.3/INT1 f= 


13 


P3.4/T0 f= 


14 


P3.5H-1 f= 


15 


P3.6/WR j= 


16 


P3.7/RD p= 


17 


XTAL2 f= 


18 


XTAL1 f= 


19 


GND f= 


20 



— — 

401 

39 | 
38 | 
37 | 

MMB 35 
tlfff 34 

33 1 
32 I 

DALLAS 31 
DS80C31 30 1 

29 | 
28 | 
27 | 
26 | 
25 I 
24 
23 
22 I 
21 f 



VCC 

ADO (P0.0) 
AD1 (P0.1) 
AD2 (P0.2) 
AD3 (P0.3) 
AD4 (P0.4) 
AD5 (P0.5) 
AD6 (P0.6) 
AD7 (P0.7) 
EA 
ALE 
PSEN 
A15 (P2.7) 
A14 (P2.6) 
A13 (P2.5) 
A12 (P2.4) 
A11 (P2.3) 
A10(P2.2) 
A9(P2.1) 
A8 (P2.0) 



40-PIN DIP 



7 : 
c 

L 
t 
t 
t 

c 
t 
c 

17 



uuuuuuuuuuu 

44-PIN PLCC 28 



1 39 

: 
] 
a 
: 

3 
: 
: 

3 

i 

3 29 




DALLAS 
DS80C310 



23 



12 UUUUUUUUUUU 2 2 
44-PIN TQFP 
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All Rights Reserved. For important information regarding 
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DS80C310 



The DS80C310 is pin compatible with the standard 
80C32 and includes standard resources such as three 
timer/counters, 256 bytes of RAM, and a serial port. It 
also provides dual data pointers (DPTRs) to speed 
block data memory moves. It also can adjust the speed 



of MOVX data memory access between two and nine 
machine cycles for flexibility in selecting external 
memory and peripherals. The DS80C31 offers upward 
compatibility with the DS80C320. 



ORDERING INFORMATION: 



PART NUMBER 


PACKAGE 


MAX. CLOCK SPEED 


TEMPERATURE RANGE 


DS80C310-MCG 


40-pin plastic DIP 


25 MHz 


0°C to 70°C 


DS80C310-QCG 


44-pin PLCC 


25 MHz 


0°C to 70°C 


DS80C310-ECG 


44-pin TQFP 


25 MHz 


0°C to 70°C 


DS80C310-MCL 


40-pin plastic DIP 

1 


33 MHz 


0°C to 70°C 


DS80C310-QCL 


44-pin PLCC 


33 MHz 


0°C to 70°C 


DS80C310-ECL 


44-pin TQFP 


33 MHz 


0°C to 70°C 



DS80C310 BLOCK DIAGRAM Figure 1 
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PIN DESCRIPTION Table 1 



DIP 


PLCC 


TQFP 


SIGNAL 
NAME 


DESCRIPTION 


40 


44 


38 


v C c 


v cc - +5V. 


20 


22, 23, 
1 


16, 17, 
39 


GND 


GND - Digital circuit ground. 


9 


10 


4 


RST 


RST - Input. The RST input pin contains a Schmitt voltage input 
to recognize external active high reset inputs. The pin also 
employs an internal pull— down resistor to allow for a combination 
of wired OR external Reset sources. 


18 
19 


20 
21 


14 
15 


XTAL2 
XTAL1 


XTAL1 , XTAL2 - The crystal oscillator pins XTAL1 and XTAL2 
provide support for parallel resonant, AT cut crystals. XTAL1 acts 
also as an input in the event that an external clock source is used 
in place of a crystal. XTAL2 serves as the output of the crystal 
amplifier. 


29 


32 


26 


PSEN 


PSEN - Output. The Program Store Enable output. This signal 
is commonly connected to external ROM memory as a chip 
enable. PSEN is active low. PSEN is driven high when data 
memory (RAM) is being accessed through the bus and during a 
reset condition. 


30 


33 


27 


ALE 


ALE - Output. The Address Latch Enable output functions as a 
clock to latch the external address LSB from the multiplexed 
address/data bus on Port 0. This signal is commonly connected 
to the latch enable of an external 373 family transparent latch. 
ALE is forced high when the DS80C310 is in a Reset condition. 


39 
38 
37 
36 
35 
34 
33 
32 


43 
42 
41 
40 
39 
38 
37 
36 


37 
36 
35 
34 
33 
32 
31 
30 


ADO (PO 0) 
AD1 (P0.1) 
AD2 (P0.2) 
AD3 (P0.3) 
AD4 (P0.4) 
AD5 (P0.5) 
AD6 (P0.6) 
AD7 (P0.7) 


ADO— 7 fPort 01 — I/O Port thp multinlpxeri addrp^/data hu«i 
During the time when ALE is high, the LSB of a memory address 
is presented. When ALE falls to a logic 0, the port transitions to 
a bidirectional data bus. This bus is used to read external ROM 
and read/write external RAM memory or peripherals. Port has 
no true port latch and can not be written directly by software. The 
reset condition of Port is high. 


1-8 


2-9 


40-44 
1-3 


P1.0-P1.7 


Port 1 - I/O. Port 1 functions as both an 8-bit bidirectional I/O port 
and an alternate functional interface for Timer 2 I/O and new Exter- 
nal Interrupts. The reset condition of Port 1 is with all bits at a logic 
1 . In this state, a weak pull-up holds the port high. This condition 
also serves as an input mode, since any external circuit that writes 
to the port will overcome the weak pull— up. When software writes 
a to any port pin, the DS80C31 will activate a strong pull-down 
that remains on until either a 1 is written or a reset occurs. Writing 
a 1 after the port has been at will cause a strong transition driver 
to turn on, followed by a weaker sustaining pull-up. Once the 
momentary strong driver turns off, the port once again becomes 
the output high (and input) state. The alternate modes of Port 1 
are outlined as follows. 
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DIP 


PLCC 


TQFP 


SIGNAL 


DESCRIPTION 








NAME 












Port Alternate Function 


1 


2 


40 




P1 .0 T2 External I/O for Timer/Counter 2 


2 


3 


41 




P1.1 T2EX Timer/Counter 2 Capture/Reload Trigger 


3 


4 


42 




P1 .2 none (DS80C320 has a serial port RXD) 


4 


5 


43 




r\.o none (UboUUo<iU has a serial port I xu) 


5 


6 


44 




ri .4 in I i external interrupt ^ (Positive toge Detect) 


6 


7 


1 




ri .5 IN 1 o external Interrupt .3 (Negative bdge Detect) 


7 


o 
o 






P1 .6 INT4 External Interrupt 4 (Positive Edge Detect) 


8 


9 


3 




ri .7 IN 1 5 external Interrupt 5 (Negative bdge Detect) 


21 


24 


18 


A8 (P2.0) 


A8— 1 5 (Port 2) — Output. Port 2 serves as the MSB for external 


22 


25 


19 


A9 (P2.1) 


addressing. P2.7isA15andP2.0isA8. The DS80C310 Will auto- 


23 


26 


20 


A10 (P2 2) 

i\ iv V i / 


matical Iv nlacp thp MftR of an addrp^^ nn P9 for pyfprnal ROM and 


24 


27 


21 


A11 (P2.3) 


RAM access. Although Port 2 can be accessed like an ordinary 


25 


28 


22 


A12(P2.4) 


I/O port, the value stored on the Port 2 latch will never be seen on 


26 


29 


23 


A13 (P2.5) 


the pins (due to memory access). Therefore writing to Port 2, in 


27 


30 


24 


A14 (P2.6) 


software is only useful for the instructions MOVX A, @ Ri or MOVX 


28 


31 


25 


A15 (P2.7) 


@ Ri, A. These instructions use the Port 2 internal latch to supply 










the external address MSB. In this case, the Port 2 latch value will 










be supplied as the address information. 


10-17 


11 


5, 7-13 


P3.0-P3.7 


Port 3 — I/O Port *3 functions a<i hoth an ft— hit hi— rlirprtional I/O 




13-19 






Dort and an alternate functional interface for external InterruDts 

Y*\J\ \ ul IU Ul 1 C4I LUI 1 IUIG IUI IUIIUI IUI II ILUI IQuW lul WWLd 1 lul IIILl^llLJk/ L0 1 










Serial Port TimprOandl Innute RD and WR ^trnhp«; Thp rpqpt 

vjc i i C4.I i ui i v, i unci v onu i iiilju 10, i il/ ai ivj »t i i oil uuco, i i ic i coci 










condition of Port 3 is with all hits at a lonir 1 In this statp a wpak 

\\JILl\Jl J Ul 1 Ul I W IO HVILII CLI 1 L» 1 LO CLL CL lUUlu 1. Ill 11 HO O LC* IC j Q ■¥ Wdl\ 










pull— up holds the port high. This condition also serves as an input 










mode since anv external circuit that writes to the Dort will over- 

1 1 IWUVj OH IvV Ul ly \-r s\ L v 1 1 IUI VII vUH VI mL V¥ 1 1 lt*0 Lu LI ■ w |^Vl I ¥¥111 \S V \s 1 










come the weak null— ud When software write*? a to anv nort nin 

wi 1 1 liivv vvu t_4 r \ uuu uu. v v i i ^ i i oviivvui v vvii Leo c*v/ Lv C4iiy lvv^ill/iiI) 










the DS80C310 will activate a strong pull-down that remains on 










until either a 1 is written or a reset occurs. Writing a 1 after the port 










na& Deen ax u win cause a strong iranswon anver 10 iurn on, toi- 










lowed by a weaker sustaining pull— up. Once the momentary 










strong driver turns off, the port once again becomes both the out- 










put high and input state. The alternate modes of Port 3 are outlined 










below. 










Port Alternate Mode 


10 


11 


5 




RXnn ^prial Pnrt Ci Innut 


11 


13 


7 




P3.1 TXD0 Serial Port Output 


12 


14 


8 




P3.2 INTO External Interrupt 


1o 


lo 


y 




rJ.d IN 1 1 external interrupt 1 


14 


16 


10 




P3.4 TO Timer External Input 


15 


17 


11 




P3.5 T1 Timer 1 External Input 


16 


18 


12 




P3.6 WR External Data Memory Write Strobe 


17 


19 


13 




Pft 7 RD Fxtprnal Data Mpmnru Rpari ^trnhp 
ro.# 1 1 1— ' laich idi ljcllcl ivici i ikji y ncau onuuc 


31 


35 


29 


EA 


EA - Input. This pin must be connected to ground for proper 










operation. 




12 


6 


NC 


NC- Reserved. These pins should not be connected. They are 




34 


28 




reserved for use with future devices in this family. 
1 
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COMPATIBILITY 

The DS80C310 is a fully static CMOS 8051 compatible 
microcontroller designed for high performance. In most 
cases the DS80C310 can drop into an existing socket 
for the 80C31 or 80C32 to improve the operation signifi- 
cantly. In general, software written for existing 8051 
based systems works without modification on the 
DS80C310. The exception is critical timing since the 
High-Speed Micro performs its instructions much faster 
than the original for any given crystal selection. The 
DS80C310 runs the standard 8051 family instruction 
set and is pin compatible with DIP, PLCC orTQFP pack- 
ages. The DS80C310 is a streamlined version of the 
DS80C320. It maintains upward compatibility but has 
fewer peripherals. 

The DS80C31 provides three 1 6-bit timer/counters, a 
full-duplex serial port, and 256 bytes of direct RAM. I/O 
ports have the same operation as a standard 805 1 prod- 
uct. Timers will default to a 1 2 clock per cycle operation 
to keep their timing compatible with original 8051 family 
systems. However, timers are individually program- 
mable to run at the new 4 clocks per cycle if desired. 

The DS80C310 provides several new hardware func- 
tions that are controlled by Special Function registers. A 
summary of the Special Function Registers is provided 
in Table 2. 

PERFORMANCE OVERVIEW 

The DS80C31 features a high-speed 8051 compatible 
core. Higher speed comes not just from increasing the 
clock frequency, but from a newer, more efficient 
design. 

This updated core does not have the dummy memory 
cycles that are present in a standard 8051 . A conven- 
tional 8051 generates machine cycles using the clock 
frequency divided by 12. In the DS80C310, the same 
machine cycle takes four clocks. Thus the fastest 
instruction, 1 machine cycle, executes three times 
faster for the same crystal frequency. Note that these 
are identical instructions. The majority of instructions on 
the DS80C310 will see the full 3 to 1 speed improve- 
ment. Some instructions will get between 1 .5 and 2.4 to 
1 improvement. All instructions are faster than the origi- 
nal 8051. 

The numerical average of all opcodes gives approxi- 
mately a 2.5 to 1 speed improvement. Improvement of 



individual programs will depend on the actual instruc- 
tions used. Speed sensitive applications would make 
the most use of instructions that are three times faster. 
However, the sheer number of 3 to 1 improved opcodes 
makes dramatic speed improvements likely for any 
code. These architecture improvements and 0.8 |im 
CMOS produce a peak instruction cycle in 121 ns (8.25 
MIPs). The Dual Data Pointer feature also allows the 
user to eliminate wasted instructions when moving 
blocks of memory. 

INSTRUCTION SET SUMMARY 

All instructions in the DS80C310 perform the same 
functions as their 8051 counterparts. Their effect on 
bits, flags, and other status functions is identical. How- 
ever, the timing of each instruction is different. This 
applies both in absolute and relative number of clocks. 

For absolute timing of real-time events, the timing of 
software loops can be calculated using a table in the 
High-Speed Microcontroller User's Guide. However, 
counter/timers default to run at the older 12 clocks per 
increment. In this way, timer-based events occur at the 
standard intervals with software executing at higher 
speed. Timers optionally can run at 4 clocks per incre- 
ment to take advantage of faster processor operation. 

The relative time of two instructions might be different in 
the new architecture than it was previously. For exam- 
ple, in the original architecture, the "MOVX A, @DPTR" 
instruction and the "MOV direct, direct" instruction used 
two machine cycles or 24 oscillator cycles. Therefore, 
they required the same amount of time. In the 
DS80C310, the MOVX instruction takes as little as two 
machine cycles or eight oscillator cycles but the "MOV 
direct, direct" uses three machine cycles or 1 2 oscillator 
cycles. While both are faster than their original counter- 
parts, they now have different execution times. This is 
because the DS80C310 usually uses one instruction 
cycle for each instruction byte. The user concerned with 
precise program timing should examine the timing of 
each instruction for familiarity with the changes. Note 
that a machine cycle now requires just four clocks, and 
provides one ALE pulse per cycle. Many instructions 
require only one cycle, but some require five. In the orig- 
inal architecture, all were one or two cycles except for 
MULand DIV. Refer to the High-Speed Microcontroller 
User's Guide for details and individual instruction tim- 
ing. 
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SPECIAL FUNCTION REGISTERS 

Special Function Registers (SFRs) control most special features of the DS80C31 0. The High-Speed Microcontroller 
User's Guide describes all SFRs. Functions that are not part of the standard 80C32 are in bold. 

SPECIAL FUNCTION REGISTERS Table 2 



REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


SP 


















81 h 


DPL 


















82h 


DPH 


















83h 


DPL1 


















84h 


DPH1 


















85h 


DPS 























SEL 


86h 


PCON 


SMOD 


SMODO 


- 


- 


GF1 


GFO 


STOP 


IDLE 


87h 


TCON 


TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


IE0 


ITO 


88h 


TMOD 


GATE 


C/T 


M1 


MO 


GATE 


C/T 


M1 


MO 


89h 


TLO 


















8Ah 


TL1 


















8Bh 


THO 


















8Ch 


TH1 


















8Dh 


CKCON 


- 


- 


T2M 


T1M 


TOM 


MD2 


MD1 


MDO 


8Eh 


P1 


P1.7 


P1.6 


P1.5 


P1.4 


P1.3 


P1.2 


P1.1 


P1.0 


90h 


EXIF 


IE5 


IE4 


IE3 


IE2 


- 


- 


- 


- 


91h 


SCON 


SMO/FE 


SMI 


SM2 


REN 


TB8 


RB8 


Tl 


Rl 


98h 


SBUF 


















99h 


P2 


P2.7 


P2.6 


P2.5 


P2.4 


P2.3 


P2.2 


P2.1 


P2.0 


AOh 


IE 


EA 


- 


ET2 


ESO 


ET1 


EX1 


ETO 


EXO 


A8h 


SADDRO 


















A9h 


P3 


P3.7 


P3.6 


P3.5 


P3.4 


P3.3 


P3.2 


P3.1 


P3.0 


BOh 


IP 


- 


- 


PT2 


PSO 


PT1 


PX1 


PTO 


PXO 


B8h 


SADENO 


















B9h 


STATUS 





HIP 


LIP 


1 


1 


1 


1 


1 


C5h 


T2CON 


TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


C/T2 


CP/RL2 


C8h 


T2MOD 


- 


- 


- 


- 


- 


- 


T20E 


DCEN 


C9h 


RCAP2L 


















CAh 


RCAP2H 


















CBh 


TL2 


















CCh 


TH2 


















CDh 


PSW 


CY 


AC 


FO 


RS1 


RSO 


OV 


FL 


P 


DOh 


WDCON 




POR 














D8h 


ACC 


















EOh 


EIE 










EX5 


EX4 


EX3 


EX2 


E8h 


B 


















FOri 


EIP 










PX5 


PX4 


PX3 


PX2 


F8h 
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MEMORY ACCESS 

The DS80C310 contains no on-chip ROM, and 256 
bytes of scratchpad RAM. Off-chip memory is 
accessed using the multiplexed address/data bus on 
PO and the MSB address on P2. Timing diagrams are 
provided in the Electrical Specifications. Program 
memory (ROM) is accessed at a fixed rate determined 
by the crystal frequency and the actual instructions. As 
mentioned above, an instruction cycle requires four 
clocks. Data memory (RAM) is accessed according to a 
variable speed MOVX instruction as described below. 

STRETCH MEMORY CYCLE 

The DS80C31 allows the application software to adjust 
the speed of data memory access. The micro is capable 
of performing the MOVX in as few as two instruction 
cycles. However, this value can be stretched as needed 
so that both fast memory and slow memory or peripher- 
als can be accessed with no glue logic. Even in high- 
speed systems, it may not be necessary or desirable to 
perform data memory access at full speed. In addition, 
there are a variety of memory mapped peripherals such 
as LCD displays or UARTs that are not fast. 

The Stretch MOVX is controlled by the Clock Control 
Register at SFR location 8Eh as described below. This 
allows the user to select a stretch value between zero 
and seven. A Stretch of zero will result in a two machine 
cycle MOVX. A Stretch of seven will result in a MOVX of 



nine machine cycles. Software can dynamically change 
this value depending on the particular memory or 
peripheral. 

On reset, the Stretch value will default to a one resulting 
in a three cycle MOVX. Therefore, RAM access will not 
be performed at full speed. This is a convenience to 
existing designs that may not have fast RAM in place. 
When maximum speed is desired, the software should 
select a Stretch value of zero. When using very slow 
RAM or peripherals, a larger stretch value can be 
selected. Note that this affects data memory only and 
the only way to slow program memory (ROM) access is 
to use a slower crystal. 

Using a Stretch value between one and seven causes 
the microcontroller to stretch the read/write strobe and 
all related timing. This results in a wider read/write 
strobe allowing more time for memory/peripherals to 
respond. The timing of the variable speed MOVX is 
shown in the Electrical Specifications. Note that full 
speed access is not the reset default case. Table 3 
shows the resulting strobe widths for each Stretch 
value. The memory stretch is implemented using the 
Clock Control Special Function Register at SFR loca- 
tion 8Eh. The stretch value is selected using bits 
CKCON.2-0. In the table, these bits are referred to as 
M2 through MO. The first stretch (default) allows the use 
of common 1 20 ns or 1 50 ns RAMs without dramatically 
lengthening the memory access. 



DATA MEMORY CYCLE STRETCH VALUES Table 3 

CKCON.2-0 RD OR WR STROBE STROBE WIDTH TIME 



M2 


M1 


MO 


MEMORY CYCLES 


WIDTH IN CLOCKS 


@ 25 MHz 


@ 33 MHz 











2 


2 


80 ns 


60 ns 








1 


3 (default) 


4 


160 ns 


121 ns 





1 





4 


8 


320 ns 


242 ns 





1 


1 


5 


12 


480 ns 


364 ns 


1 








6 


16 


640 ns 


485 ns 


1 





1 


7 


20 


800 ns 


606 ns 


1 


1 





8 


24 


960 ns 


727 ns 


1 


1 


1 


9 


28 


1120 ns 


848 ns 
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DUAL DATA POINTER 

Data memory block moves can be accelerated using 
the DS80C310 Dual Data Pointer (DPTR). The stan- 
dard 8032 DPTR is a 16-bit value that is used to 
address off-chip data RAM or peripherals. In the 
DS80C31 0, the standard data pointer is called DPTR 
and is located at SFR addresses 82h and 83h. These 
are the standard locations. No modification of standard 
code is needed to use DPTR. The new DPTR is located 
at SFR 84h and 85h and is called DPTR1. The DPTR 
Select bit (DPS) chooses the active pointer and is 
located at the Isb of the SFR location 86h. No other bits 
in register 86h have any effect and are set to 0. The user 
switches between data pointers by toggling the Isb of 
register 86h. The increment (INC) instruction is the fast- 
est way to accomplish this. All DPTR-related instruc- 
tions use the currently selected DPTR for any activity. 
Therefore only one instruction is required to switch from 
a source to a destination address. Using the Dual Data 
Pointer saves code from needing to save source and 
destination addresses when doing a block move. Once 
loaded, the software simply switches between DPTRO 
and 1 . The relevant register locations are as follows. 



DPL 


82h 


Low byte original DPTR 


DPH 


83h 


High byte original DPTR 


DPL1 


84h 


Low byte new DPTR 


DPH1 


85h 


High byte new DPTR 


DPS 


86h 


DPTR Select (Isb) 



STOP MODE ENHANCEMENTS 

Setting bit 1 of the Power Control register (PCON; 87h) 
invokes the Stop mode. Stop mode is the lowest power 
state since it turns off all internal clocking. The Ice of a 
standard Stop mode is approximately 1 uA (but is speci- 
fied in the Electrical Specifications). The CPU will exit 
Stop mode from an external interrupt or a reset condi- 
tion. Internally generated interrupts are not useful since 
they require clocking activity. 

The DS80C310 allows a resume from Stop using a 
INT2-5, which are edge triggered interrupts. The 
start-up timing is managed by an internal crystal 
counter. A delay of 65,536 clocks occurs to give the 
crystal enough time to start and stabilize. 



TIMER RATE CONTROL 

There is one important difference between the 
DS80C310 and 8051 regarding timers. The original 
8051 used 12 clocks per cycle for timers as well as for 
machine cycles. The DS80C31 architecture normally 
uses 4 clocks per machine cycle. However, in the area 
of timers and serial ports, the DS80C310 will default to 
12 clocks per cycle on reset. This allows existing code 
with real-time dependencies such as baud rates to 
operate properly. 

If an application needs higher speed timers or serial 
baud rates, the user can select individual timers to run at 
the 4 clock rate. The Clock Control register (CKCON; 
8Eh) determines these timer speeds. When the relevant 
CKCON bit is a logic 1 , the DS80C31 uses 4 clocks per 
cycle to generate timer speeds. When the bit is a 0, the 
DS80C310 uses 12 clocks for timer speeds. The reset 
condition is a 0. CKCON. 5 selects the speed of Timer 2. 
CKCON.4 selects Timer 1 and CKCON. 3 selects Timer 
0. Note that unless a user desires very fast timing, it is 
unnecessary to alter these bits. Note that the timer con- 
trols are independent. 

POWER ON RESET 

The DS80C31 will hold itself in reset during a power up 
until 65,536 clock cycles have elapsed. The power-on 
reset used by the DS80C31 differs somewhat from 
other members of the High-Speed Microcontroller fam- 
ily. The crystal oscillator may start anywhere between 
1 .0V and 4.5V, but is not specified. This eliminates the 
need for an RC reset circuit. For voltage specific preci- 
sion brownout detection, an external component will be 
needed. When the device goes through a power on 
reset, the POR flag will be set in the WDCON (D8h) reg- 
ister at bit 6. 

INTERRUPTS 

The DS80C310 provides 10 interrupt sources with two 
priority levels. Software can assign high or low priority to 
all sources. All interrupts that are new to the 8051 have a 
lower natural priority than the originals. 



PERIPHERAL OVERVIEW 

The DS80C31 provides the same peripheral functions 
as the standard 80C32. It is compatible with the 
DS80C320 but does not offer all of the peripherals. 
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INTERRUPT SOURCES AND PRIORITIES Table 4 



NAME 


DESCRIPTION 


VECTOR 


NATURAL 
PRIORITY 


INTO 


External Interrunt 


03h 


1 


TFO 


Timpr 


OBh 


2 


IntT 


External Interrupt 1 


13h 


3 


TF1 


Timer 1 


1Bh 


4 


SCON 


Tl or Rl from the serial port 


23h 


5 


TF2 


Timer 2 


2Bh 


6 


INT2 


External Interrupt 2 


43h 


7 


INT3 


External Interrupt 3 


4Bh 


8 


INT4 


External Interrupt 4 


53h 


9 


INT5 


External Interrupt 5 


5Bh 


10 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Ground -0.3V to +7.0V 

Operating Temperature 0°C to 70°C 

Storage Temperature -55°C to +1 25°C 

Soldering Temperature 260°C for 1 seconds 

* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; V C c=4.0V to 5.5V) 



PARAMETcn 


oYMbUL 




TVD 

I YP 


WlAA 


1 IK1ITC 
UNI 1 o 




Supply Voltage 


v C c 


4.0 


5.0 


5.5 


V 


1 


Supply Current Active Mode 
@ 33 MHz 


!cc 




30 




mA 


2 


Supply Current Idle Mode 
@ 33 MHz 


'idle 




15 




mA 


3 


Supply Current Stop Mode 


'STOP 




1 




uA 


4 


Input Low Level 


Vm 

¥ IL 


-0.3 




+0.8 


V 


1 


Input High Level 


V| H 


2.0 




Vcc+0.3 


V 


1 


Input High Level XTAL1 and RST 


V|H2 


3.5 




Vcc+0.3 


V 


1 


Output Low Voltage Ports 1 , 3 
@ I™ =1 6 mA 


V L1 




0.15 


0.45 


V 


1 


Output Low Voltage Port 0, 2, 
ALE, PSEN @ l i_=3.2 mA 


VOL2 




0.15 


0.45 


V 


1,5 


Output High Voltage Ports 0,1, 2, 
3, ALE and PSEN @ l OH = -50 uA 


VoH1 


2.4 






V 


1,6 


Output High Voltage 

@ Ioh=-1 -5 mA Ports 1 , 3 


V OH2 


2.4 






V 


1,7 


Output High Voltaqe Ports 0, 2, 
ALE, PSEN @ l OH =-8mA 


VOH3 


2.4 






V 


1,5 


Input Low Current Ports 1 , 3 
@ 0.45V 


IlL 






-55 


uA 




Transition Current from 1 to 
Ports 1 , 3 @ 2V 


Itl 






-650 


uA 


8 


Input Leakage Port 0, Bus Mode 


II 


-300 




300 


uA 


9 


RST Pull-Down Resistance 


R RST 


50 




170 


KQ 





NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

All parameters apply to both commercial and industrial temperature operation unless otherwise noted. 

1 . All voltages are referenced to ground. 

2. Active current is measured with a 33 MHz clock source driving XTAL1 , Vcc=RST=5.5V, all other pins discon- 
nected. 

3. Idle mode current is measured with a 33 MHz clock source driving XTAL1 , V C c=5.5V, RST at ground, all 
other pins disconnected. 
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4. Stop mode current measured with XTAL1 and RST grounded, V CC =5.5V, all other pins disconnected. 

5. When addressing external memory. 

6. RST=5.5V. This condition mimics operation of pins in I/O mode. 

7. During a to 1 transition, a one-shot drives the ports hard tor two clock cycles. This measurement reflects 
port in transition mode. 

8. Ports 1 , 2, and 3 source transition current when being pulled down externally. It reaches its maximum at 
approximately 2V. 

9. 0.45<V| N <Vcc- Not a high impedance input. This port is a weak address holding latch because Port is 
dedicated as an address bus on the DS80C320. Peak current occurs near the input transition point of the 
latch, approximately 2V. 

TYPICAL l cc VERSUS FREQUENCY Figure 2 




j L 



2 4 6 8 10 12 16 20 24 30 33 MHz XTAL 

FREQUENCY 
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AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; V CC =4 0V to 5.5V) 



PARAMETER 


SYMBOL 


25 MHz 


VARIABLE CLOCK 


NOTES 


MIN 


MAX 


MIN 


MAX 


Oscillator Frequency 


1/tci_CL 





33 





33 


MHz 


ALE Pulse Width 


t|_HLL 


40 




1.5t C LCL-5 




ns 


Port Address Valid to ALE Low 


tAVLL 


10 




0.5tcLCL - 5 




ns 


Address Hold after ALE Low 


t|_LAX 


10 




0.5tci_CL - 5 




ns 


ALE Low to Valid Instruction In 


t|_LIV 




56 




2.5t CLCL -20 


ns 


ALE Low to PSEN Low 


t|_LPL 


10 




0.5t CL CL-5 




ns 


PSEN Pulse Width 


tpLPH 


55 




2tci_CL-5 




ns 


PSEN Low to Valid Instr. In 


tpLIV 




41 




2tcLCL-20 


ns 


Input Instruction Hold after PSEN 


tpxix 












ns 


Input Instruction Float after PSEN 


tpxiz 




26 




tci_CL-5 


ns 


Port Address to Valid Instr. In 


tAVIVI 




71 




3t CL CL-20 


ns 


Port 2 Address to Valid Instr. In 


{ AVIV2 




81 




3.5tci_CL"-25 


ns 


PSEN Low to Address Float 


tpi_AZ 












ns 



NOTES FOR AC ELECTRICAL CHARACTERISTICS 

All parameters apply to both commercial and industrial temperature range operation unless otherwise noted. All sig- 
nals characterized with load capacitance of 80 pF except Port 0, ALE, PSEN, RD and WR with 1 00 pF. Interfacing to 
memory devices with float times (turn off times) over 25 ns may cause contention. This will not damage the parts, but 
will cause an increase in operating current. 
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MOVX CHARACTERISTICS (0°C to 70°C; V C c=40V to 5.5V) 



PARAMETER 


SYMBOL 


VARIABLE CLOCK 


UNITS 


STRETCH 


MIN 


MAX 


Data Access ALE Pulse Width 


t|_LHL2 


1 - al CLCL ° 
2tcL.CL.-5 




ns 


tMCS=0 
tMCS>0 


Address Hold after ALE Low for 
MOVX Write 


tl_LAX2 


tCLCL -5 




ns 


tMCS=0 
tMCS>0 


RD Pulse Width 


tRLRH 


2tCLCL-5 
tMCS-10 




ns 


tMCS=0 
tMCS>0 


WR Pulse Width 


tWLWH 


2tCL.CL.-5 
tMCS-10 




ns 


tMCS=° 
tMCS>0 


RD Low to Valid Data In 


tRLDV 




2t C LCL-20 
tMCS-20 


ns 


tMCS=° 
tMCS>0 


Data Hold after Read 


tRHDX 







ns 




Data Float after Read 


tRHDZ 




tcLCL-5 
2tCLCL~5 


ns 


tMCS=0 
tMCS>0 


ALE Low to Valid Data In 


*LLDV 




^.OICLCL ^ u 
tcLCL+'MCS -40 


ns 


*MCS=0 
tMCS>0 


Port Address to Valid Data In 


tAVDVI 




JI CLCL ^ u 
1 -5tcLCL+tMCS-20 


ns 


tMCS=0 
tMCS>0 


Port 2 Address to Valid Data In 


tAVDV2 




o.OlcLCL *- u 
2tCLCL+tMCS-20 


ns 


tMCS=0 
tMCS>0 


ALE Low to RD or WR Low 


*LLWL 


0-5t CL CL-5 
tcLCL -5 


0-5tcLCL+5 
tcLCL+5 


ns 


*MCS=0 
tMCS>0 


Port Address to RD or WR Low 


tAVWLI 


tCL.CL.-5 
2tcLCL~5 




ns 


tMCS=0 
tMCS>0 


Port 2 Address to RD or WR Low 


tAVWL2 


1-5t C LCL-10 
2.5tcLCL-10 




ns 


tMCS=° 
tMCS>0 


Data Valid to WR Transition 


tQVWX 


-5 




ns 


tMCS=° 


Data Hold after Write 


twHQX 


tCL.CL-5 
2tcLCL-5 




ns 


tMCS=0 
tMCS>° 


RD Low to Address Float 


tRLAZ 




-0.5tci_CL.-5 


ns 




RD or WR High to ALE High 


twHLH 




tcLCL-5 


10 

tcLCL+5 


ns 


tMCS=0 
tMCS>° 



NOTE: tMcs is a time period related to the Stretch memory cycle selection. The following table shows the value of 



tn/ics for eacn Stretch selection. 



M2 


M1 


MO 


MOVX CYCLES 


*MCS 











2 machine cycles 











1 


3 machine cycles (default) 


4 tcLCL 





1 





4 machine cycles 


8 tcLCL 





1 


1 


5 machine cycles 


12 t C LCL 


1 








6 machine cycles 


1 6t C LCL 


1 





1 


7 machine cycles 


20 tcLCL 


1 


1 





8 machine cycles 


24 tcLCL 


1 


1 


1 


9 machine cycles 


28 tcLCL 
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EXTERNAL CLOCK CHARACTERISTICS (0°C to 70°C; V CC =4.0V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Clock High Time 


tCHCX 


10 






ns 




Clock Low Time 


tCLCX 


10 






ns 




Clock Rise Time 


tCLCL 






5 


ns 




Clock Fall Time 


tCHCL 






5 


ns 





SERIAL PORT MODE TIMING CHARACTERISTICS (0°C to 70°C; V CC =4.0V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Serial Port Clock Cycle Time 
SM2=0, 1 2 clocks per cycle 
SM2=1 , 4 clocks per cycle 


lYI Yl 

l A LAL. 




12t C LCL 
4tcLCL 




ns 
ns 




Output Data Setup to Clock Rising 
SM2=0, 12 clocks per cycle 
SM2=1 , 4 clocks per cycle 


tQVXH 




10tcLCL 
3tcLCL 




ns 
ns 




Output Data Hold from Clock Rising 
SM2=0, 12 clocks per cycle 
SM2=1, 4 clocks per cycle 


txHQX 




2 *CLCL 
tCLCL 




ns 
ns 




Input Data Hold after Clock Rising 
SM2=0, 1 2 clocks per cycle 
SM2=1 , 4 clocks per cycle 


txHDX 




tCLCL 
tCLCL 




ns 
ns 




Clock Rising Edge to Input 

Data Valid 
SM2=0, 12 clocks per cycle 
SM2=1 , 4 clocks per cycle 


txHDV 




11t CLCL 
3t CLCL 




ns 
ns 





EXPLANATION OF AC SYMBOLS 

In an effort to remain compatible with the original 8051 
family, this device specifies the same parameters as 
such devices, using the same symbols. For complete- 
ness, the following is an explanation of the symbols. 



t 


Time 


A 


Address 


C 


Clock 


D 


Input data 


H 


Logic level high 


L 


Logic level low 


I 


Instruction 


P 


PSEN 


Q 


Output data 


R 


RD signal 


V 


Valid 


W 


WR signal 


X 


No longer a valid logic level 


z 


Tristate 
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EXTERNAL PROGRAM MEMORY READ CYCLE 

'lhll 



ALE 



A 



PORT 



PORT 2 



<avll 



<LLIV ■ 



tpLIV ' 



■ 'LLPL 



•llax 



ADDRESS 
A0-A7 



"tpLAZ 



> < 



*AVIV1 



UVIV2 " 



tpLPH 



r 



r 



tpxix ■ 



tpxiz 



INSTRUCTION 
IN 



ADDRESS A8-A1 5 OUT 



ADDRESS 
A0-A7 



ADDRESS A8-A1 5 OUT 



EXTERNAL DATA MEMORY READ CYCLE 



ALE 



PSEN 
RD 



PORTO INSTRUCTION 



PORT 2 



X 



Illwl 
'llax 



Wll 



'lldv ■ 



tRLAZ 

•avwli — 



ADDRESS 
A0-A7 



- <RLRH ■ 

•rldv - 



'AVDV1 



<AVDV2 ■ 



J 



J' 



- <WHLH 



{ DATA IN 



• — t RH DZ 
'RHDX 



ADDRESS 
A0-A7 



ADDRESS A8-A15 OUT 



/ V_ 
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DATA MEMORY WRITE CYCLE 



ALE 



PSEN 



J 
I 



WR 



PORT INSTRUCTION 



X 



<LLAX2 



PORT 2 



X 



'avll 



.'llwl 



ADDRESS 
A0-A7 



<AVWL1 



tAVWL2 • 



twLWH ■ 



j 



' 'WHLH 



Y 



'WHQX 



DATA OUT 



ADDRESS 
A0-A7 



-tQVWX 



ADDRES > A8-A1 5 OUT 



X 



DATA MEMORY WRITE WITH STRETCH=1 



Last Cycle of 
Previous 
Instruction 



First 
Machine 
Cycle 



Second 

Machine 

Cycle 

MOVX Instruction 



Third 
Machine 
Cycle 



Next 
Instruction 
Machine Cycle 



| C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | 



PSEN 



PORTO 




MOVX 
Instruction 
Address MOVX 
Instruction 



PORT 2 



A8-A15 



I 



MOVX 
Data 

Next Address 
Instruction 
Read 



I 



MOVX Data 



A8-A15 



I 



A8-A15 
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DATA MEMORY WRITE WITH STRETCH=2 



Last Cycle 
| M of Previous 
Instruction 



First 
Machine . 
Cycle 



Second 
Machine 
Cycle 



Third 
lachine 
Cycle 



Fourth 
Machine . 
Cycle 



MOVX Instruction 



Next 
. Instruction . 
Machine 
Cycle 



CLK 



| C1 | C2 [ C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 I C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | 




PORTfT^ — ( ao-»?) ( D0-P7 



AO-A7 I ( D0-D7 ) ( A0-A7 



iVX 
Instruction 
Address MOVX 
Instruction 




Next Instr. 
Address 




PORT 2 



MOVX 
Data 
Next Address 
Instruction 
Read 



A8-A15 



A8-A15 



MOVX Data 



A8-A15 



m~e,7j ^ D0-D7 



A8-A15 



EXTERNAL CLOCK DRIVE 



FOUR CYCLE DATA MEMORY WRITE 
STRETCH VALUE=2 



tcHCL 



tCLCL ■ 



'CLCX 



tCHCX 



tcLCH 
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SERIAL PORT MODE TIMING 

SERIAL PORT (SYNCHRONOUS MODE) 

HIGH SPEED OPERATION SM2=1=>TXD CLOCK=XTAL74 



psen rLn^^n_rL_n_^_R_n 



WRITE TO SBUF 



RXD 
DATA OUT 



TXD 
CLOCK 



WRITE TO SCON 
TO CLEAR Rl 



RXD 
DATA IN 

TXD 
CLOCK 



n 



n 



<QVXL 
-*■ H»- 'XHQ X 

__gg_IX 01 



— *j 'XLXL \*~ 



> TRANSMIT 




SERIAL PORT (SYNCHRONOUS MODE) 
SM2=0=>TXD CLOCK=XTAL/12 
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40-PIN PDIP (600 MIL) 



i"i r"i r"i i"i i"i i"i 




1 2 20 



• D 


A2 A 












J 


IMP 


Pi 


It 



I 

— -i e 




PKG 


40-PIN 


DIM 


MIN 


MAX 


A 




0.200 


A1 


0.015 




A2 


0.140 


0.160 


b 


0.014 


0.022 


c 


0.008 


0.012 


D 


1.980 


2.085 


E 


0.600 


0.625 


E1 


0.530 


0.555 


e 


0.090 


0.110 


L 


0.115 


0.145 


eB 


0.600 


0.700 



A1 



eB 



ALL DIMENSIONS ARE IN INCHES. 



56-G5000-000 
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44-PIN PLCC 

NOTE: 

A PIN-1 IDENTIFIER TO BE LOCATED IN ZONE INDICATED. 
2. CONTROLLING DIMENSIONS ARE IN INCHS 



[ 
[ 
[ 
[ 

NC- 

1 c 



[ 
[ 

u 



CHW 



E 

E1 

nnnnnnnnnnn- 



, I 



1 



1.150, 
MAX 



.075 MAX 
f 



D1 D 



UULIUUUUUUUU- 




-E2- 



PKG 


44-PIN 


DIM 


MIN 


MAX 


A 


0.165 


0.180 


A1 


0.090 


0.120 


A2 


0.020 




B 


0.026 


0.033 


B1 


0.013 


0.021 


c 


0.009 


0.012 


cm 


0.042 


0.048 


D 


0.685 


0.695 


D1 


0.650 


0.656 


D2 


0.590 


0.630 


E 


0.685 


0.695 


E1 


0.650 


0.656 


E2 


0.590 


0.630 


e1 


0.050 BSC 


N 


44 







56-G4003-O01 



SUGGESTED PAD LAYOUT 

44 PIN PLCC 



-.630- 
-.500- 



BQDOQUDQDQB 



-LTD 

rzzi 



CD 

rzzi 



rzzi 
rza 



if 



BOQDQllOQDDB 



rza 
rzzi 
rzzi 
rzzi 
rzzi 

-E3- 

rzzi 
rzzi 
rzzi 
rzzi 
rza 



L18044 
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44-PIN TQFP 



e J 



-D - 
-DI- 



B S B B B B B B fl B B ~ 



SEE 
NOTE 

2. 



IBBBBBB_ 



1 



SEE DETAIL 'A 

y~1^irriruirinjiru 



D 



—I l-B 



A 



PKG 


44-PIN 


DIM 


MIN 


MAX 


A 




1.20 


A1 


0.05 


0.15 


A2 


0.95 


1.05 


D 


11.80 


12.20 


D1 


10.00 BSC 


E 


11.80 


12.20 


E1 


10.00 BSC 


L 


0.45 


0.75 


e 


0.80 BSC 


B 


0.30 


0.45 


C 


0.09 


0.20 



56-G401 2-001 



El E 



NOTES: 

1. DIMENSIONS 01 AND E1 INCLUDE MOLD 
MISMATCH, BUT DO NOT INCLUDE MOLD 
PROTRUSION; ALLOWABLE PROTRUSION IS 
0.25 MM PER SIDE. 

2. DETAILS OF PIN 1 IDENTIFIER ARE OPTIONAL 
BUT MUST BE LOCATED WITHIN THE ZONE 
INDICATED. 

3. ALLOWABLE DAM BAR PROTRUSION IS 0.08 MM 
TOTAL IN EXCESS OF THE B DIMENSION; AT 
MAXIMUM MATERIAL CONDITION. PROTRUSION 
NOT TO BE LOCATED ON LOWER RADIUS OR 
FOOT OF LEAD. 

4. CONTROLLING DIMENSIONS: MILLIMETERS. 



0' MIN. 




DETAIL A 



SUGGESTED PAD LAYOUT 
44 PIN TQFP, 10*10*1.0 



|— — 5.47 — m 



0.80 1 7" 



| 0.80 | 
0.56 
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DALLAS 

SEMICONDUCTOR 



DS80C320 

High-Speed Micro 



FEATURES 

• 80C32-Compatible 

- Pin-compatible 

- Standard 8051 instruction set 

- Four 8-bit I/O ports 

- Three 1 6-bit timer/counters 

- 256 bytes scratchpad RAM 

- Multiplexed address/data bus 

- Addresses 64KB ROM and 64KB RAM 

• High-speed architecture 

- 4 clocks/machine cycle (8032=12) 

- Wasted cycles removed 

- Runs DC to 33 MHz clock rates 

- Single-cycle instruction in 121 ns 

- Uses less power for equivalent work 

- Dual data pointer 

- Optional variable length MOVX to acces 
slow RAM /peripherals 

• High integration controller includes: 

- Power-fail reset 

- Programmable Watchdog timer 

- Early-warning power-fail interrupt 

• Two full-duplex hardware serial ports 

• 1 3 total interrupt sources with six external 

• Available in 40-pin DIP, 44-pin PLCC and TQFP 



DESCRIPTION 

The DS80C320 is a fast 80C31/80C32-compatible 
microcontroller. Wasted clock and memory cycles have 
been removed using a redesigned processor core. As a 
result, every 8051 instruction is executed between 1 .5 
and 3 times faster than the original for the same crystal 
speed. Typical applications will see a speed improve- 
ment of 2.5 times using the same code and same crys- 
tal. The DS80C320 offers a maximum crystal rate of 33 
MHz, resulting in apparent execution speeds of 82.5 
MHz (approximately 2.5X). 



PIN ASSIGNMENT 



P1.0VT2 I 
P1.1/T2EX I 
P1.2/RXD1 i 
P1.3/TXD1 i 
P1.4/ INT2 I 
P1.5/INT31 
P1.6/INT4 ( 
P1.7/1NT5I 
RSTi 
P3.0/RXD0 I 
P3.1/TXD0 I 
P3.2/ INT0 | 
P3.3/INT1 | 
P3.4/T0 | 
P3.5/T1 ( 
P3.6/WR j 
P3.7/RD | 
XTAL2( 
XTAL1 | 
GNDl 



a? 



"V^ 

40 
39 
38 
37 
36 
35 
34 
33 
32 

DALLAS 31 
DS80C320 30 

29 
28 
27 
26 
25 
24 
23 
22 
21 



VCC 

ADO 

AD1 

AD2 

AD3 

AD4 

AD5 

AD6 

AD7 

EA 

ALE 

PSEN 

A15(P2.7) 

A14(P2.6) 

A13(P2.5) 

A12 (P2.4) 

A11 (P2.3) 

A10(P2.2) 

A9(P2.1) 

A8 (P2.0) 



40- PIN DIP 



6 1 40 

rinnnnnnr-innn 



7 C 
I 
I 
L 
t 
t 

E 
C 
C 

17 



DALLAS 
DS80C320 



uuuuuuuuuuu 

18 44-PIN PLCC 



1 39 

1 

3 

J 
1 
3 
3 
J 
3 

□ 29 




DALLAS 
DS80C320 



44-PIN TQFP 
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DS80C320 



The DS80C320 is pin compatible with all three pack- 
ages of the standard 80C32 and offers the same timer/ 
counters, serial port, and I/O ports. In short, the 
DS80C320 is extremely familiar to 8051 users but pro- 
vides the speed of a 16-bit processor. 

The DS80C320 provides several extras in addition to 
greater speed. These include a second full hardware 

ORDERING INFORMATION 



serial port, seven additional interrupts, programmable 
watchdog timer, power-fail interrupt and reset. The 
DS80C320 also provides dual data pointers (DPTRs) to 
speed block data memory moves. It can also adjust the 
speed of off-chip data memory access to between two 
and nine machine cycles for flexibility in selecting 
memory and peripherals. 



PART NUMBER 


PACKAGE 


MAX CLOCK SPEED 


TEMPERATURE RANGE 


DS80C320-MCG 


40-pin plastic DIP 


25 MHz 


0°C to +70°C 


DS80C320-QCG 


44-pin PLCC 


25 MHz 


0°C to +70°C 


DS80C320-ECG 


44-pin TQFP 


25 MHz 


0°C to +70°C 


DS80C32O-MNG 


40-pin plastic DIP 


25 MHz 


-40°C to +85°C 


DS80C320-QNG 


44-pin PLCC 


25 MHz 


-40°C to +85°C 


DS80C320-ENG 


44-pin TQFP 


25 MHz 


-40°C to +85°C 


DS80C320-MCL 


40-pin plastic DIP 


33 MHz 


0°C to +70°C 


DS80C320-QCL 


44-pin PLCC 


33 MHz 


0°C to +70°C 


DS80C320-ECL 


44-pin TQFP 


33 MHz 


0°C to +70°C 


DS80C320-MNL 


40-pin plastic DIP 


33 MHz 


-40°C to +85°C 


DS80C320-QNL 


44-pin PLCC 


33 MHz 


-40°C to +85°C 


DS80C320-ENL 


44-pin TQFP 


33 MHz 


-40°C to +85°C 



DS80C320 BLOCK DIAGRAM Figure 1 
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PIN DESCRIPTION Table 1 









SIGNAL 




DIP 


PLCC 


TQFP 


NAME 


DESCRIPTION 


40 


44 


38 




V cc - +5V. 

» L,L, lu '- 






ID, \ 1 




uinu — uigiidi circuit yrounu. 


9 


10 


4 


RST 


RST - Input. The RST input pin contains a schmitt voltage input to 










recognize external active high Reset inputs. The pin also employs an 










internal pull-down resistor to allow for a combination of wired OR 










PYtprnal RpQPt Qni irppQ An R("i iq nnt romiirpri fnr nnu/or nn ac thp 

caiciiicii ncoci ouui vco. r\\\ no io t icjuiieu iui |juwtji — do uio 










n c >ftnr~"^9fl nrnuiHoc thic funntinn intprnallw 

UOOUL'OtU jJiUVIUCo 11 Ho IUIIOUUM IMlel 1 tally. 


18 


20 


14 


XTAL2 


XTAL1 , XTAL2 - The crystal oscillator pins XTAL1 and XTAL2 pro- 


19 


21 


15 


XTAL1 


vide support for parallel resonant, AT cut crystals. XTAL1 acts also as 










an input in the event that an external clock source is used in place of 










a crystal. XTAL2 serves as the output of the crystal amplifier. 


29 


32 


26 


PSEN 


PSEN - Output. The Program Store Enable output. This signal is 










commonly connected to external ROM memory as a chip enable. 










PSEN will provide an active low pulse width of 2.25 XTAL1 cycles 










with a period of four XTAL1 cycles. PSEN is driven high when data 










memory (RAM) is being accessed through the bus and during a reset 










condition. 


30 


33 


27 


ALE 


ALE - Output. The Address Latch Enable output functions as a clock 










to latch the external address LSB from the multiplexed address/data 










bus. This signal is commonly connected to the latch enable of an 










external 373 family transparent latch. ALE has a pulse width of 1 .5 










XTAL1 cycles and a period of four XTAL1 cycles. ALE is forced high 










when the DS80C320 is in a Reset condition. 


39 


43 


37 


ADO 


ADO-7 (Port 0) - I/O. Port is the multiplexed address/data bus. Dur- 


38 


42 


36 


AD1 


ing the time when ALE is high, the LSB of a memory address is pres- 


37 


41 


35 


AD2 


ented. When ALE falls, the port transitions to a bidirectional data bus. 


36 


40 


34 


AD3 


This bus is used to read external ROM and read/write external RAM 


35 


39 


33 


AD4 


memory or peripherals. The Port has no true port latch and can not 


34 


38 


32 


AD5 


be written directly by software. The reset condition of Port is high. 


33 


37 


31 


AD6 


No pullup resistors are needed. 


32 


36 


30 


AD7 




1-8 


2-9 


40—44 


P1.0-P1.7 


Port 1 - I/O. Port 1 functions as both a 8-bit bidirectional I/O port and 






1-3 




a alternate functional interface for Timer 2 I/O, new External Inter- 










rupts, and new Serial Port 1 . The reset condition of Port 1 is with all 










bits at a logic 1 . In this state, a weak pull-up holds the port high. This 










condition also serves as an input mode, since any external circuit that 










lA/rifpc thp rl/"\(*t \a/iI1 m/flrprimfl thci \A/a o L - mill i tr\ \A/hcan o/~\f+m/a rti 

WlllCo IU LUC \JUl I Will UVmOUlllC UIC Wcdl\ pUII — Up. VVMcM oUllWdlcf 










writes a to any port pin, the DS80C320 will activate a strong pull- 










down that remains on until either a 1 is written or a reset occurs. Writ- 










ing a 1 after the port has been at will cause a strong transition driver 










to turn on, followed by a weaker sustaining pull-up. Once the 










momentary strong driver turns off, the port once again becomes the 










output high (and input) state. The alternate modes of Port 1 are out- 










lined as follows. 










Port Alternate Function 


1 


2 


40 




P1 .0 T2 External I/O for Timer/Counter 2 


2 


3 


41 




P1.1 T2EX Timer/Counter 2 Capture/Reload Trigger 


3 


4 


42 




P1.2 RXD1 Serial Port 1 Input 


4 


5 


43 




P1.3 TXD1 Serial Port 1 Output 


5 


6 


44 




P1 .4 INT2 External Interrupt 2 (Positive Edge Detect) 


6 


7 


1 




P1 .5 INT3 External Interrupt 3 (Negative Edge Detect) 


7 


8 


2 




P1.6 INT4 External Interrupt 4 (Positive Edge Detect) 


8 


9 


3 




P1.7 INT5 External Interrupt 5 (Negative Edge Detect) 
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DIP 


PLCC 


TQFP 


SIGNAL 
NAME 


DESCRIPTION 


21 

22 
23 

25 
26 
27 
28 


24 
25 
26 

97 
ft/ 

28 
29 
30 
31 


18 
19 
20 

91 
c. I 

22 
23 
24 
25 


A8 (P2.0) 
A9 (P2.1) 
A10(P2.2) 

A11 fP9 1\ 

A12 (P2.4) 
A13(P2.5) 
A14(P2.6) 
A15(P2.7) 


A15-A8 (Port 2) - Output. Port 2 serves as the MSB for external 
addressing. P2.7 is A1 5 and P2.0 is A8. The DS80C320 will automati- 
cally place the MSB of an address on P2 for external ROM and RAM 
arrpce Althounh Port 2 can bp accessed like an ordinary I/O Dort the 
value stored on the Port 2 latch will never be seen on the pins (due 
to memory access). Therefore writing to Port 2, in software is only 
useful for the instructions MOVX A, @Ri or MOVX @Ri. A. These 
instructions use the Port 2 internal latch to supply the external 
address MSB. In this case, the Port 2 latch value will be supplied as 
the address information. 


10- 
17 

10 
11 
12 
13 
14 
15 
16 
17 


11, 
13-19 

11 

13 
14 
15 
16 
17 
18 
19 


5, 7-13 

5 
7 
8 
9 
10 
11 
12 
13 


P3.0-P3.7 


Port 3 - I/O. Port 3 functions as both a 8-bit bidirectional I/O port and 
an alternate functional interface for External Interrupts, Serial Port 0, 
Timer & 1 Inputs, RD and WR strobes. The reset condition of Port 
3 is with all bits at a logic 1 . In this state, a weak pull-up holds the port 
high. This condition also serves as an input mode, since any external 
circuit that writes to the port will overcome the weak pull-up. When 
software writes a to any port pin, the DS80C320 will activate a 
strong pull-down that remains on until either a 1 is written or a reset 
occurs. Writing a 1 after the port has been at will cause a strong tran- 
sition driver to turn on, followed by a weaker sustaining pull-up. Once 
the momentary strong driver turns off, the port once again becomes 
both the output high and input state. The alternate modes of Port 3 are 
outlined below. 

Port Alternate Mode 

P3.0 RXD0 Serial Port Input 

P3.1 TXD0 Serial Port Output 

P3.2 INTO External Interrupt 

P3.3 INT1 External Interrupt 1 

P3.4 TO Timer External Input 

P3.5 T1 Timer 1 External Input 

P3.6 WR External Data Memory Write Strobe 

P3.7 RD External Data Memory Read Strobe 


31 


35 


29 


EA 


EA — Input. This pin must be connected to ground for proper opera- 
tion. 




12 
34 


6 
28 


NC 


NC - Reserved. These pins should not be connected. They are 
reserved for use with future devices in this family. 




1 


39 




NC - Reserved. These pins are reserved for additional ground pins 
on future products. 



80C32 COMPATIBILITY 

The DS80C320 is a CMOS 80C32 compatible micro- 
controller designed for high performance. In most cases 
the DS80C320 can drop into an existing 80C32 design 
to significantly improve the operation. Every effort has 
been made to keep the device familiarto 8032 users, yet 
it has many new features. In general, software written 
for existing 80C32 based systems will work on the 
DS80C320. The exception is critical timing since the 
High-Speed Microcontroller performs its instructions 
much faster than the original. It may be necessary to use 
memories with faster access times if the same crystal 
frequency is used. 



The DS80C320 runs the standard 8051 instruction set 
and is pin compatible with an 80C32 in any of three stan- 
dard packages. The DS80C320 also provides the same 
timer/counter resources, full-duplex serial port, 256 
bytes of scratchpad RAM and I/O ports as the standard 
80C32. Timers will default to a 1 2 clock per cycle opera- 
tion to keep timing compatible with original 8051 sys- 
tems. However, they can be programmed to run at the 
new 4 clocks per cycle if desired. 

New hardware features are accessed using Special 
Function Registers that do not overlap with standard 
80C32 locations. A summary of these SFRs is provided 
below. 
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The DS80C320 addresses memory in an identical fash- 
ion to the standard 80C32. Electrical timing will appear 
different due to the high speed nature of the product. 
However, the signals are essentially the same. Detailed 
timing diagrams are provided below in the electrical 
specifications. 



This data sheet assumes the user is familiar with the 
basic features of the standard 80C32. In addition to 
these standard features, the DS80C320 includes many 
new functions. This data sheet provides only a sum- 
mary and overview. Detailed descriptions are available 
in the High-Speed Microcontroller User's Guide. 



COMPARATIVE TIMING OF THE DS80C320 AND 80C32 Figure 2 



DS80C320 TIMING 



SINGLE BYTE SINGLE CYCLE 
INSTRUCTION 



ALE 



r 



AD7-AD0 



PORT 2 



DC 

rz 



DC 

rz 



DCZiDOCDDoaoa 

TZZZt X X X X 



XTAL1 



PSEN 



AD7-AD0 



PORT 2 



SINGLE BYTE SINGLE CYCLE 
INSTRUCTION 



X X X X T 



STANDARD 80C32 TIMING 
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HIGH-SPEED OPERATION 

The DS80C320 is built around a high speed 80C32 
compatible core. Higher speed comes not just from 
increasing the clock frequency, but from a newer, more 
efficient design. 

In this updated core, dummy memory cycles have been 
eliminated. In a conventional 80C32, machine cycles 
are generated by dividing the clock frequency by 12. In 
the DS80C320, the same machine cycle is performed in 
4 clocks. Thus the fastest instruction, 1 machine cycle, 
is executed three times faster for the same crystal fre- 
quency. Note that these are identical instructions. A 
comparison of the timing differences is shown in Figure 
2. The majority of instructions on the DS80C320 will see 
the full 3 to 1 speed improvement. Some instructions 
will get between 1 .5 and 2.4 X improvement. Note that 
all instructions are faster than the original 80C51 . Table 
2 below shows a summary of the instruction set includ- 
ing the speed. 

The numerical average of all opcodes is approximately 
a 2.5 to 1 speed improvement. Individual programs will 
be affected differently, depending on the actual instruc- 
tions used. Speed sensitive applications would make 
the most use of instructions that are three times faster. 
However, the sheer number of 3 to 1 improved opcodes 
makes dramatic speed improvements likely for any 
code. When these architecture improvements are com- 
bined with 0.8 (im CMOS, the result is a single cycle 
instruction execution in 1 60 ns. The Dual Data Pointer 
feature also allows the user to eliminate wasted instruc- 
tions when moving blocks of memory. 

INSTRUCTION SET SUMMARY 

All instructions in the DS80C320 perform the same 
functions as their 80C32 counterparts. Their affect on 
bits, flags, and other status functions is identical. How- 
ever, the timing of each instruction is different. This 
applies both in absolute and relative number of clocks. 

For absolute timing of real-time events, the timing of 
software loops will need to be calculated using the table 



below. However, counter/timers default to run at the 
older 12 clocks per increment. Therefore, while soft- 
ware runs at higher speed, timer-based events need no 
modification to operate as before. Timers can be set to 
run at 4 clocks per increment cycle to take advantage of 
higher speed operation. 

The relative time of two instructions might be different in 
the new architecture than it was previously. For exam- 
ple, in the original architecture, the "MOVX A, @ DPTR" 
instruction and the "MOV direct, direct" instruction used 
two machine cycles or 24 oscillator cycles. Therefore, 
they required the same amount of time. In the 
DS80C320, the MOVX instruction can be done in two 
machine cycles or eight oscillator cycles but the "MOV 
direct, direct" uses three machine cycles or 1 2 oscillator 
cycles. While both are faster than their original counter- 
parts, they now have different execution times from 
each other. This is because in most cases, the 
DS80C320 uses one cycle for each byte. The user con- 
cerned with precise program timing should examine the 
timing of each instruction for familiarity with the 
changes. Note that a machine cycle now requires just 
four clocks, and provides one ALE pulse per cycle. 
Many instructions require only one cycle, but some 
require five. In the original architecture, all were one or 
two cycles except for MUL and DIV. 

INSTRUCTION SET SUMMARY Table 2 



Legends: 

A - Accumulator 

Rn - Register R7-R0 

direct - Internal Register address 

@Ri - Internal Registerpointed-toby R0orR1 

(except MOVX) 

rel - 2's complement offset byte 

bit - direct bit-address 

#data - 8-bit constant 

#data16 - 1 6-bit constant 

addr16 - 16-bit destination address 

addr 11 - 11 -bit destination address 
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OSCILLATOR 
INSTRUCTION BYTE CYCLES 



Arithmetic Instructions: 






ADD A, Rn 


1 


4 


ADD A, direct 


2 


8 


ADD A, @Ri 


1 


4 


ADD A, #data 


2 


8 


AULJC A, Hn 


4 
1 


4 


ADDC A, direct 


2 


8 


ADDC A, @Ri 


1 


4 


ADDC A #riata 


2 


8 


cilIRR A Rn 

ouuu r\ , nil 




4 


SUBB A riirprt 


2 


8 


QIIRR A (5)pi 
OUDD r\ y ssrii 


-| 


4 


CI lop A #Haffl 


2 


8 


Logical Instructions: 






ANL A, Rn 


1 


4 


ANL A, direct 


2 


8 


ANL A, @Ri 


1 


4 


ANL A, #data 


2 


8 


ANL direct, A 


2 


8 


ANL direct, #data 


3 


12 


r,DI A Dn 

DHL A, Hn 


-i 
1 


A 

4 


ORL A, direct 


2 


8 


ORL A, @Ri 


1 


4 


ORL A, #data 


2 


8 


ORL direct, A 


2 


8 


ORL direct, #data 


3 


12 


Data Transfer 






Instructions: 






MOV A, Rn 


1 


4 


MOV A, direct 


2 


8 


MOV A, @Ri 


1 


4 


MOV A, #data 


2 


8 


MOV Rn, A 


1 


4 


MOV Rn, direct 


2 


8 


MOV Rn, #data 


2 


8 


MOV direct, A 


2 


8 


MOV direct, Rn 


2 


8 


MOV directl , direct2 


3 


12 


MOV direct, @Ri 


2 


8 


MOV direct, #data 


3 


12 


MOV @Ri, A 


1 


4 


MOV @Ri, direct 


2 


8 


MOV @Ri, #data 


2 


8 


MOV DPTR, #data 16 


3 


12 



OSCILLATOR 
INSTRUCTION BYTE CYCLES 



INC A 




4 


INC Rn 


1 


4 


INC direct 




8 


INC @Ri 


1 


4 


INC DPTR 




12 


DEC A 


j 


4 


DEC Rn 


A 


4 


DEC direct 




8 


DEC @Ri 


A 


4 


MUL AB 


A 


20 


DIV AB 


A 


20 


DA A 


A 


4 


XRLA, Rn 




4 


XRL A, direct 




8 


XRLA, @Ri 




4 


XRL A, #data 


2 


8 


XRL direct, A 


2 


8 


XRL direct, #data 


3 


12 


CLR A 


1 


4 


CPL A 


1 


4 


RL A 


1 


4 


RLC A 


1 


4 


RR A 


1 


4 


RRC A 


1 


4 


0\ A/ A El A 

SWAP A 


1 


4 


MOVC A, ©A+DPTR 


1 


12 


MOVC A, @A+PC 


1 


12 


MOVX A, @ Ri 


1 


8-36 * 


MOVX A, @DPTR 


1 


8-36 * 


MOVX @Ri, A 


1 


8-36* 


MOVX ©DPTR, A 


1 


8-36* 


PUSH direct 


2 


8 


POP direct 


2 


8 


XCH A, Rn 


1 


4 


XCH A, direct 


2 


8 


XCH A, @Ri 


1 


4 


XCHD A, @Ri 


1 


4 



*User Selectable 
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Bit Manipulation 
Instructions! 






CLR C 


1 


4 


CLR bit 


2 


8 


SETB C 


1 


4 


SETB bit 


2 


8 


CPLC 


1 


4 


CPL bit 


2 


8 


Program Branching 

Inctn i*"*ti r\r> e ■ 
mbiruouuito. 






APAI 1 aHHr 11 

AL/nLL ctUUl 1 1 


o 
c 


1 P 


1 PA.I 1 aHHr 1 ft 


Q 
O 


1 R 

I D 


PPT 


I 


1 fi 


nt I I 


I 


1 A 
I D 


A IMP orlHr 1 1 

Ajivir auur 1 1 


o 
■ 


1 9 


1 IMP aririr 1 ft 

LJivir auur I 


Q 
O 


I D 


c IMP rol 
OJIVlr lei 


O 


19 


JMP @A+DPTR 


1 


12 


JZ rel 


2 


12 


JNZ rel 


2 


12 


DJNZ Rn, rel 


2 


12 


DJNZ direct, rel 


3 


16 



ANLCbit 2 8 

ANL C, bit 2 8 

ORL C, bit 2 8 

ORL C, bit 2 8 

MOV C, bit 2 8 

MOV bit, C 2 8 

CJNE A, direct, rel 3 16 

CJNE A, #data, rel 3 16 

CJNE Rn, #data, rel 3 16 

CJNE Ri, #data, rel 3 16 

NOP 1 4 

JCrel 2 12 

JNCrel 2 12 

JB bit, rel 3 16 

JNBbit, rel 3 16 

JBCbit, rel 3 16 



The table above shows the speed for each class of 
instruction. Note that many of the instructions have mul- 
tiple opcodes. There are 255 opcodes for 111 instruc- 
tions. Of the 255 opcodes, 159 are three times faster 
than the original 80C32. While a system that empha- 
sizes those instructions will see the most improvement, 
the large total number that receive a 3 to 1 improvement 
assure a dramatic speed increase for any system. The 
speed improvement summary is provided below. 



MEMORY ACCESS 

The DS80C320 contains no on-chip ROM and 256 
bytes of scratchpad RAM. Off-chip memory is 
accessed using the multiplexed address/data bus on 
PO and the MSB address on P2. A typical memory con- 
nection is shown in Figure 3. Timing diagrams are pro- 
vided in the Electrical Specifications. Program memory 
(ROM) is accessed at a fixed rate determined by the 
crystal frequency and the actual instructions. As men- 
tioned above, an instruction cycle requires four clocks. 
Data memory (RAM) is accessed according to a vari- 
able speed MOVX instruction as described below. 



SPEED ADVANTAGE SUMMARY 



#Opcodes Speed Improvement 
159 3.0 x 

51 1.5 x 

43 2.0 x 

2 2Ax 

255 Average: 2.5 
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TYPICAL MEMORY CONNECTION Figure 3 

PSEN 




STRETCH MEMORY CYCLE 

The DS80C320 allows the application software to adjust 
the speed of data memory access. The micro is capable 
of performing the MOVX in as little as two instruction 
cycles. However, this value can be stretched as needed 
so that both fast memory and slow memory or peripher- 
als can be accessed with no glue logic. Even in high- 
speed systems, it may not be necessary or desirable to 
perform data memory access at full speed. In addition, 
there are a variety of memory mapped peripherals such 
as LCD displays or UARTs that are not fast. 

The Stretch MOVX is controlled by the Clock Control 
Register at SFR location 8Eh as described below. This 
allows the user to select a stretch value between zero 
and seven. A Stretch of zero will result in a two machine 
'cycle MOVX. A Stretch of seven will result in a MOVX of 
nine machine cycles. Software can dynamically change 
this value depending on the particular memory or 
peripheral. 

On reset, the Stretch value will default to a one resulting 
in a three cycle MOVX. Therefore, RAM access will not 
be performed at full speed. This is a convenience to 



existing designs that may not have fast RAM in place. 
When maximum speed is desired, the software should 
select a Stretch value of zero. When using very slow 
RAM or peripherals, a larger stretch value can be 
selected. Note that this affects data memory only and 
the only way to slow program memory (ROM) access is 
to use a slower crystal. 

Using a Stretch value between one and seven causes 
the microcontroller to stretch the read/write strobe and 
all related timing. This results in a wider read/write 
strobe allowing more time for memory/peripherals to 
respond. The timing of the variable speed MOVX is 
shown in the Electrical Specifications. Note that full 
speed access is not the reset default case. Table 3 
below shows the resulting strobe widths for each 
Stretch value. The memory stretch is implemented 
using the Clock Control Special Function Register at 
SFR location 8Eh. The stretch value is selected using 
bits CKCON.2-0. In the table, these bits are referred to 
as M2 through MO. The first stretch (default) allows the 
use of common 1 20 ns or 1 50 ns RAMs without dramati- 
cally lengthening the memory ; 
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DATA MEMORY CYCLE STRETCH VALUES Table 3 



CKCON.2-0 




MEMORY 


RD or WR STROBE 


STROBE WIDTH 


MD2 


MD1 


MDO 


CYCLES 


WIDTH IN CLOCKS 


TIME @ 25 MHz 











2 


2 


80 ns 








1 


3 (default) 


4 


160 ns 





1 





4 


8 


320 ns 





1 


1 


5 


12 


480 ns 


1 








6 


16 


640 ns 


1 





1 


7 


20 


800 ns 


1 


1 





8 


24 


960 ns 


1 


1 


1 


9 


28 


1120 ns 



DUAL DATA POINTER 

Data memory block moves can be accelerated using 
the DS80C320 Dual Data Pointer (DPTR). The stan- 
dard 8032 DPTR is a 16-bit value that is used to 
address off-chip data RAM or peripherals. In the 
DS80C320, the standard data pointer is called DPTR 
and is located at SFR addresses 82h and 83h. These 
are the standard locations. No modification of standard 
code is needed to use DPTR. The new DPTR is located 
at SFR 84h and 85h and is called DPTR1 . The DPTR 
Select bit (DPS) chooses the active pointer and is 
located at the LSB of the SFR location 86h. No other bits 
in register 86h have any effect and are set to 0. The user 
switches between data pointers by toggling the LSB of 
register 86h. The increment (INC) instruction is the fast- 
est way to accomplish this. All DPTR-related instruc- 
tions use the currently selected DPTR for any activity. 
Therefore only one instruction is required to switch from 
a source to a destination address. Using the Dual-Data 
Pointer saves code from needing to save source and 
destination addresses when doing a block move. Once 



loaded, the software simply switches between DPTR 
and 1 . The relevant register locations are as follows. 



DPL 


82h 


Low byte original DPTR 


DPH 


83h 


High byte original DPTR 


DPL1 


84h 


Low byte new DPTR 


DPH1 


85h 


High byte new DPTR 


DPS 


86h 


DPTR Select (LSB) 



Sample code listed below illustrates the saving from 
using the dual DPTR. The example program was origi- 
nal code written for an 8051 and requires a total of 1 869 
machine cycles on the DS80C320. This takes 299 us to 
execute at 25 MHz. The new code using the Dual DPTR 
requires only 1 097 machine cycles taking 1 75.5 us. The 
Dual DPTR saves 772 machine cycles or 1 23.5 u.s for a 
64 byte block move. Since each pass through the loop 
saves 12 machine cycles when compared to the single 
DPTR approach, larger blocks gain more efficiency 
using this feature. 



64 BYTE BLOCK MOVE WITHOUT DUAL DATA POINTER 

; SH and SL are high and low byte source address . 

; DH and DL are high and low byte of destination address. 

# CYCLES 



MOV 


R5, #64d 


NUMBER OF BYTES TO MOVE 


2 


MOV 


DPTR, #SHSL 


LOAD SOURCE ADDRESS 


3 


MOV 


Rl, #SL 


SAVE LOW BYTE OF SOURCE 


2 


MOV 


R2 , #SH 


SAVE HIGH BYTE OF SOURCE 


2 


MOV 


R3 , #DL 


SAVE LOW BYTE OF DESTINATION 


2 


MOV 


R4 , #DH 


SAVE HIGH BYTE OF DESTINATION 


2 



MOVE: 

; THIS LOOP IS PERFORMED THE NUMBER OF TIMES LOADED INTO R5 , IN THIS EXAMPLE 64 

MOVX A, @DPTR ; READ SOURCE DATA BYTE 2 

MOV Rl, DPL ; SAVE NEW SOURCE POINTER 2 

MOV R2, DPH ; 2 
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MOV 


DPL, R3 


LOAD NEW DESTINATION 




2 


MOV 


DPH, R4 






2 


MOVX 


@DPTR, A 


WRITE DATA TO DESTINATION 




2 


INC 


DPTR 


NEXT DESTINATION ADDRESS 




3 


MOV 


R3 , DPL 


SAVE NEW DESTINATION POINTER 




2 


MOV 


R4 , DPH 






2 


MOV 


DPL, Rl 


GET NEW SOURCE POINTER 




2 


MOV 


DPH, R2 






2 


INC 


DPTR 


NEXT SOURCE ADDRESS 




3 


DJNZ 


R5 , MOVE 


FINISHED WITH TABLE? 




3 



64 BYTE BLOCK MOVE WITH DUAL DATA POINTER 

,- SH and SL are high and low byte source address. 

; DH and DL are high and low byte of destination address. 

,■ DPS is the data pointer select. Reset condition is DPS=0, DPTRO is selected. 

# CYCLES 

EQU DPS, #86h ; TELL ASSEMBLER ABOUT DPS 



MOV 
MOV 
INC 
MOV 



R5, #64 
DPTR, #DHDL 
DPS 

DPTR, #SHSL 



NUMBER OF BYTES TO MOVE 
LOAD DESTINATION ADDRESS 
CHANGE ACTIVE DPTR 
LOAD SOURCE ADDRESS 



MOVE: 

; THIS LOOP IS PERFORMED THE NUMBER OF TIMES LOADED INTO R5 , IN THIS EXAMPLE 64 



MOVX 

INC 

MOVX 

INC 

INC 

INC 

DJNZ 



A, @DPTR 
DPS 

@DPTR, A 

DPTR 

DPS 

DPTR 

R5, MOVE 



READ SOURCE DATA BYTE 
CHANGE DPTR TO DESTINATION 
WRITE DATA TO DESTINATION 
NEXT DESTINATION ADDRESS 
CHANGE DATA POINTER TO SOURCE 
NEXT SOURCE ADDRESS 
FINISHED WITH TABLE? 



PERIPHERAL OVERVIEW 

Peripherals in the DS80C320 are accessed using Spe- 
cial Function Registers (SFRs). The DS80C320 pro- 
vides several of the most commonly needed peripheral 
functions in microcomputer-based systems. These 
functions are new to the 80C32 family and include a 
second serial port, Power-fail Reset, Power-fail Inter- 
rupt, and a programmable Watchdog Timer. These are 
described below, and more details are available in the 
High-Speed Microcontroller User's Guide. 



The second serial port operates in a comparable man- 
ner with the first. Both can operate simultaneously but 
can be at different baud rates. 

The second serial port has similar control registers 
(SCON1 atC0h,SBUF1 at C1 h) to the original. One dif- 
ference is that for timer based baud rates, the original 
serial port can use Timer 1 or Timer 2 to generate baud 
rates. This is selected via SFR bits. The new serial port 
can only use Timer 1. 



SERIAL PORTS 

The DS80C320 provides a serial port (UART) that is 
identical to the 80C32. Many applications require serial 
communication with multiple devices. Therefore the 
DS80C320 provides a second hardware serial port that 
is a full duplicate of the standard one. It optionally uses 
pins P1 .2 (RXD1 ) and P1 .3 (TXD1 ). This port has dupli- 
cate control functions included in new SFR locations. 



TIMER RATE CONTROL 

One important difference exists between the 
DS80C320 and 80C32 regarding timers. The original 
80C32 used a 1 2 clock per cycle scheme for timers and 
consequently for some serial baud rates (depending on 
the mode). The DS80C320 architecture normally runs 
using 4 clocks per cycle. However, in the area of timers, 
the DS80C320 will default to a 12 clock per cycle 
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scheme on a reset. This allows existing code with real- 
time dependencies such as baud rates to operate prop- 
erly. If an application needs higher speed timers or serial 
baud rates, the timers can be set to run at the 4 clock 
rate. 

The Clock Control register (CKCON - 8Eh) determines 
these timer speeds. When the relevant CKCON bit is a 
logic 1 , the DS80C320 uses 4 clocks per cycle to gener- 
ate timer speeds. When the control bit is set to a 0, the 
DS80C320 uses 12 clocks for timer speeds. The reset 
condition is a 0. CKCON. 5 selects the speed of Timer 2. 
CKCON.4 selects Timer 1 and CKCON. 3 selects Timer 
0. Note that unless a user desires very fast timing, it is 
unnecessary to alter these bits. Note that the timer con- 
trols are independent. 

POWER FAIL RESET 

The DS80C320 incorporates a precision band-gap 
voltage reference to determine when Vcc is out-of-tol- 
erance. While powering up, internal circuits will hold the 
DS80C320 in a reset state until Vcc rises above the 
Vrst reset threshold. Once Vcc is above this level, the 
oscillator will begin running. An internal reset circuit will 
then count 65536 clocks to allow time for power and the 
oscillator to stabilize. The microcontroller will then exit 
the reset condition. No external components are 
needed to generate a power on reset. During power 
down or during a severe power glitch, as Vcc 'alls below 
Vrst. the microcontroller will also generate its own 
reset. It will hold the reset condition as long as power 
remains below the threshold. This reset will occur auto- 
matically, needing no action from the user or from the 
software. Refer to the Electrical Specifications for the 
exact value of V RST . 

POWER FAIL INTERRUPT 

The same reference that generates a precision reset 
threshold can also generate an optional early warning 



Power-fail Interrupt (PFI). When enabled by the 
application software, this interrupt always has the high- 
est priority. On detecting that the Vcc has dropped 
below Vppw and that the PFI is enabled, the processor 
will vector to ROM address 0033h. The PFI enable is 
located in the Watchdog Control SFR (WDCON - D8h). 
Setting WDCON. 5 to a logic one will enable the PFI . The 
application software can also read a flag at WDCON.4. 
This bit is set when a PFI condition has occurred. The 
flag is independent of the interrupt enable and software 
must manually clear it. 

WATCHDOG TIMER 

For applications that can not afford to run out-of-con- 
trol, the DS80C320 incorporates a programmable 
Watchdog Timer circuit. It resets the uC if software fails 
to reset the Watchdog before the selected time interval 
has elapsed. The user selects one of four time-out val- 
ues. After enabling the Watchdog, software must reset 
the timer prior to expiration of the interval, or the CPU 
will be reset. Both the Watchdog Enable and the Watch- 
dog Reset bits are protected by a "Timed Access" cir- 
cuit. This prevents accidentally clearing the Watchdog. 
Time-out values are precise since they are related to 
the crystal frequency as shown below in Table 4. For ref- 
erence, the time periods at 25 MHz are also shown. 

The DS80C320 Watchdog also provides a useful option 
for systems that may not require a reset. If enabled, then 
512 clocks before giving a reset, the Watchdog will give 
an interrupt. The interrupt can also serve as a conve- 
nient time-base generator, or be used to wake-up the 
processor from Idle mode. The Watchdog function is 
controlled in the Clock Control (CKCON - 8Eh), Watch- 
dog Control (WDCON - D8h), and Extended Interrupt 
Enable (EIE - E8h) SFRs. CKCON. 7 and CKCON. 6 are 
called WD1 and WDO respectively and are used to 
select the Watchdog time-out period as shown in 
Table 4. 



WATCHDOG TIME-OUT VALUES Table 4 







INTERRUPT 


TIME 


RESET 


TIME 


WD1 


WDO 


TIME-OUT 


(@25 MHz) 


TIME-OUT 


(@25 MHz) 








2 1 7 clocks 


5.243 ms 


2 17 + 512 clocks 


5.263 ms 





1 


2 20 clocks 


41.94 ms 


2 20 + 512 clocks 


41.96 ms 


1 





2 23 clocks 


335.54 ms 


2 23 + 512 clocks 


335.56 ms 


1 


1 


2 26 clocks 


2684.35 ms 


2 26 + 512clocks 


2684.38 ms 
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As shown above, the Watchdog Timer uses the crystal 
frequency as a time base. A user selects one of four 
counter values to determine the time-out. These clock 
counter lengths are 2 17 = 131,072 clocks; 2 20 = 
1 ,048,576; 2 23 = 8,388,608 clocks; or 2 26 = 67, 1 08,864 
clocks. The times shown in Table 4 above are with a 25 
MHz crystal frequency. Note that once the counter chain 
has reached a conclusion, the optional interrupt is gen- 
erated. Regardless of whether the user enables this 
interrupt, there are then 512 clocks left until a reset 
occurs. There are five control bits in special function 
registers that affect the Watchdog Timer and two status 
flags that report to the user. 

WDIF (WDCON.3) is the interrupt flag that is set when 
there are 512 clocks remaining until a reset occurs. 
WTRF (WDCON.2) is the flag that is set when a Watch- 
dog reset has occurred. This allows the application soft- 
ware to determine the source of a reset. 

E WT (WDCON . 1 ) is the enable f or the Watchdog Timer. 
Software sets this bit to enable the timer. The bit is pro- 



tected by Timed Access discussed below. RWT 
(WDCON.O) is the bit that software uses to restart the 
Watchdog Timer. Setting this bit restarts the timer for 
another full interval. Application software must set this 
bit prior to the time-out. As mentioned previously, WD1 
and (CKCON .7 and 6) select the time-out. Finally, the 
Watchdog Interrupt is enabled using EWDI (EIE.4). The 
Special Function Register map is shown below. 

INTERRUPTS 

The DS80C320 provides 13 sources of interrupt with 
three priority levels. The Power-fail Interrupt (PFI), if 
enabled, always has the highest priority. There are two 
remaining user selectable priorities: high and low. If two 
interrupts that have the same priority occur simulta- 
neously, the natural precedence given below deter- 
mines which is a acted upon. Except forthe PFI, all inter- 
rupts that are new to the 8051 family have a lower 
natural priority than the originals. 



INTERRUPT PRIORITY Table 5 



NAME 


DESCRIPTION 


VECTOR 


NATURAL PRIORITY 


OLD/NEW 


PFI 


Power Fail Interrupt 


33h 


1 


NEW 


Into 


External Interrupt 


03h 


2 


OLD 


tfo 


Timer 


OBh 


3 


OLD 


intT 


External Interrupt 1 


13h 


4 


OLD 


TF1 


Timer 1 


1Bh 


5 


OLD 


SCON0 


TIO or RIO from serial port 


23h 


6 


OLD 


TF2 


Timer 2 


2Bh 


7 


OLD 


SCON1 


TI1 or RI1 from serial port 1 


3Bh 


8 


NEW 


INT2 


External Interrupt 2 


43h 


9 


NEW 


1NT3 


External Interrupt 3 


4Bh 


10 


NEW 


INT4 


External Interrupt 4 


53h 


11 


NEW 


INT5 


External Interrupt 5 


5Bh 


12 


NEW 


WDTI 


Watchdog Time-out Interrupt 


63h 


13 


NEW 



POWER MANAGEMENT 

The DS80C320 provides the standard Idle and power 
down (Stop) that are available on the standard 80C32. 
However the DS80C320 has enhancements that make 
these modes more useful, and allow more power sav- 
ing. 

The Idle mode is invoked by setting the LSB of the 
Power Control register (PCON - 87h). Idle will leave 
internal clocks, serial port and timer running. No 
memory access will be performed so power is dramati- 



cally reduced. Since clocks are running, the Idle power 
consumption is related to crystal frequency. It should be 
approximately 1/2 of the operational power. The CPU 
can exit the Idle state with any interrupt or a reset. 

The power-down or Stop mode is invoked by setting the 
PCON.1 bit. Stop mode is a lower power state than Idle 
since it turns off all internal clocking. The Ice of a stan- 
dard Stop mode is approximately 1 uA but is specified in 
the Electrical Specifications. The CPU will exit Stop 
mode from an external interrupt or a reset condition. 
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Note that internally generated interrupts (timer, serial 
port, watchdog) are not useful since they require clock- 
ing activity. 

IDLE MODE ENHANCEMENTS 

A simple enhancement to Idle mode makes it substan- 
tially more useful. The innovation involves not the Idle 
mode itself, but the watchdog timer. As mentioned 
above, the Watchdog Timer provides an optional inter- 
rupt capability. This interrupt can provide a periodic 
interval timer to bring the DS80C320 out of Idle mode. 
This can be useful even if the Watchdog is not normally 
used. By enabling the Watchdog Timer and its interrupt 
priorto invoking Idle, a user can periodically come out of 
Idle perform an operation, then return to Idle until the 
next operation. This will lower the overall power con- 
sumption. When using the Watchdog Interrupt to cancel 
the Idle state, make sure to restart the Watchdog Timer 
or it will cause a reset. 

STOP MODE ENHANCEMENTS 

The DS80C320 provides two enhancements to the Stop 
mode. As documented above, the DS80C320 provides 
a band-gap reference to determine Power-fail Interrupt 
and Reset thresholds. The default state is that the 
band-gap reference is off when Stop mode is invoked. 
This allows the extremely low power state mentioned 
above. A user can optionally choose to have the band- 
gap enabled during Stop mode. This means that PFI 
and power-fail reset will be activated and are valid 
means for leaving Stop mode. 

In Stop mode with the band-gap on, l cc will be approxi- 
mately 50 u A compared with 1 u A with the band-gap off. 
If a user does not require a Power-fail Reset or Interrupt 
while in Stop mode, the band-gap can remain turned 
off. Note that only the most power sensitive applications 
should turn off the band-gap, as this results in an uncon- 
trolled power down condition. 

The control of the band-gap reference is located in the 
Extended Interrupt Flag register (EXIF - 91 h). Setting 
BGS (EXIF.O) to a one will leave the band-gap refer- 
ence enabled during Stop mode. The default or reset 
condition is with the bit at a logic 0. This results in the 
band-gap being turned off during Stop mode. Note that 



this bit has no control of the reference during full power 
or Idle modes. 

The second feature allows an additional power saving 
option. This is the ability to start instantly when exiting 
Stop mode. It is accomplished using an internal ring 
oscillator that can be used when exiting Stop mode in 
response to an interrupt. The benefit of the ring oscilla- 
tor is as follows. 

Using Stop mode turns off the crystal oscillator and all 
internal clocks to save power. This requires that the 
oscillator be restarted when exiting Stop mode. Actual 
start-up time is crystal dependent, but is normally at 
least 4 ms. A common recommendation is 1 ms. In an 
application that will wake-up, perform a short operation, 
then return to sleep, the crystal start-up can be longer 
than the real transaction. However, the ring oscillator 
will start instantly. The user can perform a simple opera- 
tion and return to sleep before the crystal has even sta- 
bilized. If the ring is used to start and the processor 
remains running, hardware will automatically switch to 
the crystal once a power-on reset interval (65536 
clocks) has expired. This value is used to guarantee sta- 
bility even though power is not being cycled. 

If the user returns to Stop mode prior to switching of 
crystal, then all clocks will be turned off again. The ring 
oscillator runs at approximately 4 MHz but will not be a 
precision value. No real-time precision operations 
(including serial communication) should be conducted 
during this ring period. Figure 7 shows how the opera- 
tion would compare when using the ring, and when 
starting up normally. The default state is to come out of 
Stop mode without using the ring oscillator. 

This function is controlled using the RGSL - Ring Select 
bit at EXIF.1 (EXIF - 91 h). When EXIF.1 is set, the ring 
oscillator will be used to come out of Stop mode quickly. 
As mentioned above, the processor will automatically 
switch from the ring (if enabled) to the crystal after a 
delay of 65536 crystal clocks. For a 3.57 MHz crystal, 
this is approximately 18 ms. The processor sets a flag 
called RGMD - Ring Mode to tell software that the ring is 
being used. This bit at EXIF.2 will be a logic 1 when the 
ring is in use. No serial communication or precision tim- 
ing should be attempted while this bit is set, since the 
operating frequency is not precise. 
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RING OSCILLATOR START-UP Figure 4 

STOP MODE WITHOUT RING STARTUP 

I 4-10 ms 



uC OPERATING 



uC OPERATING 



CRYSTAL 
OSCILLATION 



I I I 



uC ENTERS 
STOP MODE 



INTERRUPT; 
CLOCK STARTS 



CLOCK 
STABLE 



uC ENTERS 
STOP MODE 



POWER 



uC OPERATING 



CRYSTAL 
OSCILLATION 



RING 

OSCILLATION 



STOP MODE WITH RING STARTUP 



uC OPERATING 



STOP N MO 



POWER 



! 1 



INTERRUPT; 
RING STARTS 



uC ENTERS 
STOP MODE 



POWER SAVED 



Diagram assumes that the operation following Stop requires less than 18 ms complete. 



TIMED ACCESS PROTECTION 

Selected SFR bits are critical to operation, making it 
desirable to protect against an accidental write opera- 
tion. The Timed Access procedure prevents an errant 
cpu from accidentally altering a bit that would cause diffi- 
culty. The Timed Access procedure requires that the 
write of a protected bit be preceded by the following 
instructions : 



MOV 
MOV 



0C7h, #0AAh 
0C7h, #55h 



By writing an AAh followed by a 55h to the Timed Access 
register (location C7h), the hardware opens a two cycle 
window that allows software to modify one of the pro- 
tected bits. If the instruction that seeks to modify the pro- 
tected bit is not immediately proceeded by these 
instructions, the write will not take effect. The protected 
bits are: 



EXIF.O BGS Band-gap Select 

WDCON.6 POR Power-on Reset flag 

WDCON . 1 EWT Enable Watchdog 

WDCON.O RWT Reset Watchdog 

WDCON.3 WDIF Watchdog Interrupt Flag 



SPECIAL FUNCTION REGISTERS 

Most special features of the DS80C320 or 80C32 are 
controlled by bits in special function registers (SFRs). 
This allows the DS80C320 to add many features but use 
the same instruction set. When writing software to use a 
new feature, the SFR must be defined to an assembler 
or compiler using an equate statement. This is the only 
change needed to access the new function. The 
DS80C320 duplicates the SFRs that are contained in 
the standard 80C32. Table 6 shows the register 
addresses and bit locations. Many are standard 80C32 
registers. The High-Speed Microcontroller User's 
Guide describes all SFRs. 
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SPECIAL FUNCTION REGISTER LOCATIONS Table 6 



REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


SP 


















81h 


DPL 


















82h 


DPH 


















83h 


DPL1 


















84h 


DPH1 


















85h 


DPS 























SEL 


86h 


PCON 


SMOD_0 


SMODO 


- 


- 


GF1 


GFO 


STOP 


IDLE 


87h 


TCON 


TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


IE0 


ITO 


88h 


TMOD 


GATE 


C/T 


M1 


MO 


GATE 


C/T 


M1 


MO 


89h 


TLO 


















8Ah 


TL1 


















8Bh 


THO 


















8Ch 


TH1 


















8Dh 


CKCON 


WD1 


WDO 


T2M 


T1M 


TOM 


MD2 


MD1 


MDO 


8Eh 


P1 


P1.7 


P1.6 


P1.5 


P1.4 


P1.3 


P1.2 


P1.1 


P1.0 


90h 


EXIF 


IE5 


IE4 


IE3 


IE2 


- 


RGMD 


RGSL 


BGS 


91h 


SCONO 


SM0/FE_0 


SM1_0 


SM2J) 


REN_0 


TB8_0 


RB8_0 


TLO 


Rl_0 


98h 


SBUFO 


















99h 


P2 


P2.0 


P2.6 


P2.5 


P2.4 


P2.3 


P2.2 


P2.1 


P2.0 


AOh 


IE 


EA 


ES1 


ET2 


ESO 


ET1 


EX1 


ETO 


EXO 


A8h 


SADDRO 


















A9h 


SADDR1 


















AAh 


P3 


P3.7 


P3.6 


P3.5 


P3.4 


P3.3 


P3.2 


P3.1 


P3.0 


BOh 


IP 




PS1 


PT2 


PSO 


PT1 


PX1 


PTO 


PXO 


B8h 


SADENO 


















B9h 


SADEN1 


















BAh 


SCON1 


SMO/FE_0 


SM1_0 


SM2_0 


REN_0 


TB8_0 


RB8_0 


TLO 


Rl_0 


COh 


SBUF1 


















C1h 


STATUS 


PIP 


HIP 


LIP 


1 


1 


1 


1 


1 


C5h 


TA 


















C7h 


T2CON 


TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


C/T2 


CP/RL2 


C8h 


T2MOD 


- 


- 


- 


- 


- 


- 


T20E 


DCEN 


C9h 


RCAP2L 


















CAh 


RCAP2H 


















CBh 


TL2 


















CCh 


TH2 


















CDh 


PSW 


CY 


AC 


FO 


RS1 


RSO 


OV 


FL 


P 


DOh 


WDCON 


SMOD_1 


POR 


EPFI 


PFI 


WDIF 


WTRF 


EWT 


RWT 


D8h 


ACC 


















EOh 


EIE 








EWDI 


EX5 


EX4 


EX3 


EX2 


E8h 


B 


















FOh 


EIP 








PWDI 


PX5 


PX4 


PX3 


PX2 


F8h 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 
Soldering Temperature 



V CC =+5V ± 1 0%; t A =0°C to 70°C 



-1.0V to 7.0V 
-40°C to +85°C 
-55°Cto 125°C 
260°C for 10 seconds 



This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; V C c=40V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Operating Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Power Fail Warning 


VpFW 


4.25 


4.38 


4.5 


V 


1 


Minimum Onpratinn Voltacip 

iviii ill i i l_j i r i Vw/ lj ^ i c* l 1 \ iu v vji iayc 


Vrst 


4.0 


4.1 


4.25 


v 


1 


fiimnlv Ciirrpnt Artivp Modp 
@ 25 MHz 


'cc 




30 


45 


mA 


2 


Sunnlv Currpnt Idle Modp 
@ 25 MHz 


'idle 




15 


25 


mA 


3 


Runnlv Currpnt Artivp Morip 
@ 33 MHz 


'cc 




35 




mA 


2 


55ur>nlv ("lurrpnt Idlp Mndp 
@ 33 MHz 


'idle 




20 




mA 


3 


OUfjpiy L/UI ICI 11 OlUfJ IVIUUc, 

Band-gap Reference Disabled 


'stop 




.01 


•| 


n A 


4 


Sitnnlv dirrpnt Strtn MdHp 

Band-gap Reference Enabled 


'SPBG 




50 


80 


uA 


4 10 


Innut 1 nw 1 pvpI 

II IUUI 1 — W V V L-U V CI 


Vn 
V IL 


-0.3 




+0.8 


v 




Input High Level (Except XTAL1 

and R^~H 
cii in no i y 


V|H1 


2.0 




Vcc+03 


V 


1 


Innut Hinh I pvpI XTAI 1 and R9T 

II I[JU1 1 liyi 1 LCVCI /\ 1 / aL_ 1 CXI l\J FlvJ 1 


V|H2 


3.5 




V/-^j-0 T 
v CC+ u -° 







Output Low Voltage Ports 1 , 3 
@l L=1.6mA 


Vni 1 






0.45 


v 





Output Low Voltage Ports 0, 2, 
ALE, PSEN @l OL =3.2 mA 


V OL2 






0.45 


V 


1,5 


Output High Voltage Ports 0, 1, 2, 
3, ALE, PSEN, @I OH =-50 uA 


VoH1 


2.4 






V 


1,6 


Output High Voltage Ports 1 , 3 
@ Ioh= _1 -5 mA 


VOH2 


2.4 






V 


1,7 


Output High Voltage Ports 0, 2, 
ALE, PSEN I h=-8 mA 


VOH3 


2.4 






V 


1,5 


Input Low Current Ports 1 , 3 
©0.45V 


'IL 






-55 


HA 




Transition Current from 1 to 
Ports 1,3, @2V 


'tl 






-650 


uA 


8 


Input Leakage Port 0, Bus Mode 


'l 


-300 




+300 


uA 


9 


RST Pull-down Resistance 


Rrst 


50 




170 


kn 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

All parameters apply to both commercial and industrial temperature operation unless otherwise noted. 

1 . All voltages are referenced to ground. 

2. Active current is measured with a 25 MHz clock source driving XTAL1 , Vcc=RST=5.5V, all other pins discon- 
nected. 

3. Idle mode current is measured with a 25 MHz clock source driving XTAL1 , V C c=5 5V, RST at ground, all 
other pins disconnected. 

4. Stop mode current measured with XTAL1 and RST grounded, V C c=5.5V, all other pins disconnected. 

5. When addressing external memory. 

6. RST=5.5V. This condition mimics operation of pins in I/O mode. 

7. During a to 1 transition, a one-shot drives the ports hard for two clock cycles. This measurement reflects 
port in transition mode. 

8. Ports 1 , 2, and 3 source transition current when being pulled down externally. It reaches its maximum at 
approximately 2V. 

9. 0.45<V| N <Vcc- Not a high impedance input. This port is a weak address holding latch because Port is 
dedicated as an address bus on the DS80C320. Peak current occurs near the input transition point of the 
latch, approximately 2V. 

10. Over the industrial temperature range, this specification has a maximum value of 200 uA. 



TYPICAL l cc VERSUS FREQUENCY Figure 5 
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AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; V C c=4.0V to 5.5V) 



PARAMETER 


SYMBOL 


25 MHz 
MIN 


25 MHz 
MAX 


VARIABLE 
CLOCK 
MIN 


VARIABLE 

vnnlnOLL 

CLOCK 
MAX 


UNITS 


Oscillator Frequency 


1/tcLCL 





25 





25 


MHz 


ALE Pulse Width 


tLHLL 


50 




1.5t CL CL-10 




ns 


Port Address Valid to ALE Low 


tAVLL 


g 




0.5tcLCL-H 




ns 


Address Hold After ALE Low 


tLLAXI 


5 


note 5 


0.25tcLCL-5 


note 5 


ns 


Address Hold After ALE Low for 
MOVX WR 


tLLAX2 


13 




0.5t CL CL-7 




ns 


ALE Low to Valid Instruction In 


tl_UV 




73 




2.5tcLCL-27 


ns 


ALE Low to PSEN Low 


t|_LPL 


3 




0.25tc LC L-7 




ns 


PSEN Pulse Width 


tpLPH 


83 




2.25tcLCL-7 




ns 


PSEN Low to Valid Instr. In 


tpLIV 




69 




2.25tcLCL-21 


ns 


Input Instruction Hold After PSEN 


tpxix 












ns 


Input Instruction Float After PSEN 


tpxiz 




35 




tcLCL-5 


ns 


Port Address to Valid Instr. In 


tAVIVI 




93 




3tcLCL-27 


ns 


Port 2 Address to Valid Instr. In 


tAVIV2 




107 




3-5tcLCL-33 


ns 


PSEN Low to Address Float 


tpLAZ 




note 5 




note 5 


ns 



NOTES FOR AC ELECTRICAL CHARACTERISTICS: 

All parameters apply to both commercial and industrial temperature range operation unless otherwise noted. 



1 . All signals rated over operating temperature at 25 MHz. 

2. All signals characterized with load capacitance of 80 pF except Port 0, ALE, PSEN, RD and WR at 100 pF. 
Note that loading should be approximately equal for valid timing. 

3. Interfacing to memory devices with float times (turn off times) over 35 ns may cause contention. This will not 
damage the parts, but will cause an increase in operating current. 

4. Specifications assume a 50% duty cycle for the oscillator. Port 2 timing will change with the duty cycle varia- 
tions. 

5. Address is held in a weak latch until over driven by external memory. 
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MOVX CHARACTERISTICS (0°C to 70°C; V C c=4-0 to 5.5V) 



PARAMETER 


SYMBOL 


VARIABLE CLOCK 
MIN 


VARIABLE CLOCK 
MAX 


UNITS 


STRETCH 


RD Pulse Width 


tRLRH 


2t C LCL-H 




ns 


tMCS= u 
tMCS>° 


WR Pulse Width 


twLWH 


2t C LCL-11 
tMCS -1 '' 




ns 


tMCS=0 
tMCS>0 


RD Low to Valid Data In 


tRLDV 




2t C LCL-25 
tMCS - 25 


ns 


tMCS=0 
*MCS>0 


Data Hold After Read 


tRHDX 







ns 




Data Float After Read 


tRHDZ 




tcLCL-5 
2tcLCL-5 


ns 


tMCS=° 
tMCS>0 


ALE Low to Valid Data In 


l LLDV 




2.5t CL CL-26 
1 -5tcLCL-28+tMCS 


ns 


tMCS=0 
tMCS>0 


Port Address to Valid 
Data In 


l AVDV1 




3t C LCL-24 
2tcLCL-31+tMCS 


ns 


tMCS=0 
*MCS>0 


Port 2 Address to Valid 
Data In 


tAVDV2 




3-5t C LCL-32 
2-5tcLCL-34+tMCS 


ns 


tMCS=0 
*MCS>° 


ALE Low to RD or WR 
Low 


tlXWL 


0.5t CLC L-5 
1 -5tcLCL-5 


0-5tcLCL+6 
1.5tcLCL+8 


ns 


tMCS=0 
tMCS>0 


Port Address Valid to RD 
or WR Low 


tAVWU 


tCLCL-9 
2tCLCL-10 




ns 


tMCS=0 
tMCS>0 


Port 2 Address Valid to RD 
or WR Low 


tAVWL2 


1.5tcLCL-9 
2-5t CL CL-13 




ns 


tMCS=0 
tMCS >0 


Data Valid to WR 
Transition 


tQVWX 


-9 
tcLCL-10 




ns 


tMCS= n 
tMCS> n 


Data Hold After Write 


twHQX 


tcLCL-7 
2tcLCL-5 




ns 


tMCS=0 
*MCS>0 


RD Low to Address Float 


'rlaz 




note 5 


ns 




RD or WR High to ALE 
High 


twHLH 




tCLCL-5 


10 

tCLCL+11 


ns 


tMCS=° 
*MCS>0 



NOTE: t MCS is a time period related to the Stretch memory cycle selection. The following table shows the value of 



t.mcs for each Stretch selection. 



M2 


M1 


MO 


MOVX CYCLES 


^MCS 











2 machine cycles 











1 


3 machine cycles (default) 


4 tcLCL 





1 





4 machine cycles 


8 *CLCL 





1 


1 


5 machine cycles 


12 tcLCL 


1 








6 machine cycles 


16t CLCL 


1 





1 


7 machine cycles 


20 tcLCL 


1 


1 





8 machine cycles 


24 t CLCL 


1 


1 


1 


9 machine cycles 


28 tcLCL 
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AC ELECTRICAL CHARACTERISTICS UP TO 33 MHz (0°C to 70°C; V C c=4.0V to 5.5V) 



PARAMETER 


aYMBUL 


33 MHz 
MIN 


33 MHz 

n ji a v 
MAX 


VARIABLE 
CLOCK 

Ivllrt 


VARIABLE 
CLOCK 

MAY 


1 IMITC 

UNI 1 o 


Oscillator Frequency 


l/tCLCL 





33 





33 


MHz 


ALE Pulse Width 


t[_HLL 


50 




1,5t CL CL-10 




ns 


Port Address Valid to ALE Low 


tAVLL 


9 




■51CLCL-H 




ns 


Address Hold After ALE Low 


*LLAX1 


5 


note 5 


■25t CL CL-5 


note 5 


ns 


Address Hold After ALE Low for 
MOVX WR 


*LLAX2 


13 




•5tcLCL-7 




ns 


ALE Low to Valid Instruction In 


tLLIV 




73 




2-5tcL.ci.-27 


ns 


ALE Low to PSEN Low 


Illpl 


3 




•25tcLCL-7 




ns 


PSEN Pulse Width 


tpLPH 


83 




2.25tc LCL -7 




ns 


PSEN Low to Valid Instr. In 


tpLIV 




69 




2-25tcLCL-21 


ns 


Input Instruction Hold After PSfcN 


tpxix 












ns 


Input Instruction Float After PSEN 


tpxiz 




35 




tcLCL -5 


ns 


Port Address to Valid Instr. In 


*AVIV1 




93 




3tcLCL-27 


ns 


Port 2 Address to Valid Instr. In 


'AVIV2 




107 




3.5tcLCL-^3 


ns 


PSEN Low to Address Float 


tpLAZ 




note 5 




note 5 


ns 



NOTES FOR AC ELECTRICAL CHARACTERISTICS: 

All parameters apply to both commercial and industrial temperature range operation unless otherwise noted. 

1 . All signals rated over operating temperature at 33 MHz. 

2. All signals characterized with load capacitance of 80 pF except Port 0, ALE, PSEN, RD and WR at 1 00 pF. 
Note that loading should be approximately equal for valid timing. 

3. Interfacing to memory devices with float times (turn off times) over 35 ns may cause contention. This will not 
damage the parts, but will cause an increase in operating current. 

4. Specifications assume a 50% duty cycle for the oscillator. Port 2 timing will change with the duty cycle varia- 
tions. 

5. Address is held in a weak latch until over driven by external memory. 
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MOVX CHARACTERISTICS UP TO 33 MHz (0°C to 70°C; V CC =4 to 5.5V) 



PARAMETER 


SYMBOL 


\/apiari p pi nrif 
MIN 


VARIARI F PI OPK 

MAX 


UNITS 


STRETCH 


DR Pi ilea \A/iHth 


tRLRH 


^ l CLCL 1 1 
tMCS -11 




ns 


tMCS = 
tMCS>° 


WR Pulse Width 


twLWH 


2t C LCL-H 
tMCS- 11 




ns 


tMCS=° 
tMCS>0 


RD Low to Valid Data In 


tRLDV 




2t C LCL-25 
*MCS-25 


ns 


tMCS=° 
tMCS>0 


Data Hold After Read 


tRHDX 







ns 




uaia rioai Aiier neau 


tRHDZ 




tCLCL _ 5 
2tcLCL-5 


ns 


tMCS = 
*MCS>0 


ALt low to vaiia uaia in 


tLLDV 




^ olCLCL ^° 
1 -5tcLCL-28+t M CS 


ns 


*MCS=0 
tMCS>0 


run u AQuress to vaiia 
Data In 


l AVDV1 




2tcLCL-31+tMCS 


ns 


•mcs- u 

»MCS>° 


ron d. Aauress to vaiia 
Data In 


tAVDV2 




J - 3t CLCL J ^ 
2.5tcLCL-34+t M cs 


ns 


l MCS- u 
tMCS>0 


ALb LOW 10 rlU Or Wn 

Low 


• 

tLLWL 


°- 5t CLCL-= 
1-5t C LCL-5 


U.OICLCL+D 
1.5t CLC L+8 


ns 


tMCS=° 
tMCS>0 


rort u Address valid to hu 
or WR Low 


*AVWL1 


tCLCL- 9 
2t C LCL-10 




ns 


tMCS=° 
tMCS>° 


ron ^ Maaress vaiia xo nu 
or WR Low 


tAVWL2 


1 -^CLCL -9 
2.5tc L CL-13 




ns 


tMCS=° 
tMCS>0 


Data Valid to WR 
Transition 


tQVWX 


-9 

tCLCL-10 




ns 


tMCS=° 
tMCS>0 


Data Hold After Write 


tWHQX 


tcLCL-7 
2tcLCL~5 




ns 


tMCS=0 
tMCS>0 


RD Low to Address Float 


tRUkZ 




note 5 


ns 




RDorWRHighto ALE 
High 


twHLH 




tCLCL-5 


10 

tCLCL+11 


ns 


tMCS=0 
tMCS>° 



NOTE: t MC s is a time period related to the Stretch memory cycle selection. The following table shows the value of 



tMCS for eacn Stretch selection. 



M2 


M1 


MO 


MOVX CYCLES 


*MCS 











2 machine cycles 











1 


3 machine cycles (default) 


4 tcLCL 





1 





4 machine cycles 


8 tcLCL 





1 


1 


5 machine cycles 


12tci_CL 


1 








6 machine cycles 


1 6 tcLCL 


1 





1 


7 machine cycles 


20 t CLCL 


1 


1 





8 machine cycles 


24 tcLCL 


1 


1 


1 


9 machine cycles 


28 tcLCL 
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EXTERNAL CLOCK CHARACTERISTICS (0°C to 70°C; V cc =4.0 to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Clock High Time 


*CHCX 


10 






ns 




Clock Low Time 


*CLCX 


10 






ns 




Clock Rise Time 


tCLCH 






5 


ns 




Clock Fall Time 


tCHCL 






5 


ns 





SERIAL PORT MODE TIMING CHARACTERISTICS (0°C to 70°C; V C c=4.0 to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Serial Port Clock Cycle Time 
SM2=0 12 clocks per cycle 
SM2=1 4 clocks per cycle 


tXLXL 




12t C LCL 
4tcLCL 




ns 




Output Data Setup to Clock 
Rising Edge 

SM2=0 1 2 clocks per cycle 
SM2=1 4 clocks per cycle 


tQVXH 




10t CLC L 
3tdCL 




ns 




Output Data Hold from Clock 
Rising 

SM2=0 12 clocks per cycle 
SM2=1 4 clocks per cycle 


txHQX 




2t CLCL 
*CLCL 




ns 




Input Data Hold after Clock Rising 
SM2=0 12 clocks per cycle 
SM2=1 4 clocks per cycle 


txHDX 




tCLCL 
tCLCL 




ns 




Clock Rising Edge to Input Data 
Valid 

SM2=0 12 clocks per cycle 
SM2=1 4 clocks per cycle 


tXHDV 




11tcLCL 
3tCLCL 




ns 





EXPLANATION OF AC SYMBOLS 



In an effort to remain compatible with the original 8051 


L 


Logic level low 


family, this device specifies the same parameter as 


I 


Instruction 


such devices, using the same symbols. For complete- 


P 


PSEN 


ness, the following is an explanation of the symbols. 


Q 


Output data 




R 


RD signal 


t Time 


V 


Valid 


A Address 


w 


WR signal 


C Clock 


X 


No longer a valid logic level 


D Input data 


z 


Tristate 



H Logic level high 
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POWER CYCLE TIMING CHARACTERISTICS 



(0°C to 70°C; V cc =4.0 to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Crystal Start-up Time 


tcsu 




1.8 




ms 


1 


Power-on Reset Delay 


tpOR 






65536 


tc LCI- 


2 



NOTES FOR POWER CYCLE TIMING CHARACTERISTICS: 

1 . Start-up time for crystals varies with load capacitance and manufacturer. Time shown is for an 11 .0592 MHz 
crystal manufactured by Fox crystal. 

2. Reset delay is a synchronous counter of crystal oscillations after crystal start-up. At 25 MHz, this time is 2.62 



PROGRAM MEMORY READ CYCLE 

t LH LL 



ALE 



A 



PSEN 



AD0-AD7 



PORT 2 



V 

l AVLL - 



Illiv ■ 



tpLIV ' 



■ 'llpl 



•lLAX1 



7 ADDRESS \ 
\ A0-A7 / 



"IPLAZ 



<AVIV1 



<AVIV2 ■ 



tpLPH ■ 



r 



ipxix ' 



tpxiz 



STRUCTION V> 



ADDRESS A8-A15 OUT 



3 



ADDRESS 
A0-A7 



ADDRESS A8-A1 5 OUT 
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ALE 



PSEN 
BD 



AD0-AD7 



INSTRUCTION 
IN 



tLLWL 
'LLAX1 



Wll 



tLLDV ' 



•rlaz 

WwL1 — 



ADDRESS 
A0-A7 



tRLRH ■ 



^ Irldv — »- 




Wdvi 



X 



'AVDV2 - 



" 'WHLH 



DATA IN 



• — 'rhdz 

tRHDX 



ADDRESS A8-A15 OUT 



ADDRESS 
AO-A7 



DATA MEMORY WRITE CYCLE 



ALE 



PSEN f 



WR 



AD0-AD7 



PORT 2 



INSTRUCTION 



IN 



'LLAX2 



Alwl 



ADDRESS 
A0-A7 



tAVWL! 



'AVWL2 ■ 



[ 



'WLWH ' 



' 'WHLH 



'WHQX 



DATA OUT 



"tQVWX 



ADDRESS A8-A15 OUT 



X 



ADDRESS 
A0-A7 
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DATA MEMORY WRITE WITH STRETCH=1 



Last Cycle of 



Instruction 



First 
Machine 
Cycle 



Second 

Machine 

Cycle 

MOVX Instruction 



Third 
Machine 
Cycle 



Instruction »| 
Machine Cycle 



C1 C2 | C3 C4 C1 C2 | C3 C4 C1 C2 C3 C4 C1 C2 C3 C4 C1 C2 C3 C4 



ALE 



PSEN 



WR 




MOVX 
Instruction 
Address 



PORT 2 



MOVX 
Instruction 



A8-A15 



I 



MOVX 
Data 

Nex) Address 
Instruction 
Read 



MOVX Data 



A8-A15 
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DATA MEMORY WRITE WITH STRETCH=2 



Last Cycle 
1^ of Previous 
Instruction 



First 
Machine 
Cycle 



Second 
Machine , 
Cycle 

— MOVX Instruction 



Need 
Instruction — 
Machine 

Cycle 



CLK 



| C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | 




AD0-AD7 



Address M0VX 
Instruction 



PORT 2 



A8-A15 



X 



MOVX 
Data 
Next Address 
Instruction 
Read 



A8-A15 



MOVX Data 



A8-A15 



^K-Aij ^ D0-D7 



I 



A8-A15 



FOUR CYCLE DATA MEMORY WRITE 
STRETCH VALUE=2 



EXTERNAL CLOCK DRIVE 



tCLCL ' 



XTAL1 



'CHCL 



tCHCX 



tCLCH 



<CLCX 
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SERIAL PORT MODE TIMING 

SERIAL PORT (SYNCHRONOUS MODE) 

HIGH SPEED OPERATION SM2=1=>TXD CLOCK=XTAL/4 



n__n n n n n n n n n n 

pun rLhn_rL^nj^n_n. 



WRITE TO SBUT 



RXD 
DATA OUT 



TXD 
CLOCK 



RXD 
DATA IN 

TXD 
CLOCK 

Rl 



JL 



WRITE TO SCON 
TO CLEAR Rl | [ 



Iqvxl 



— »* I—— tXHQX 



> TRANSMIT 




RECEIVE 



SERIAL PORT (SYNCHRONOUS MODE) 
SM2=0=>TXD CLOCK=XTALV12 




201 



041895 28/32 



DS80C320 



POWER CYCLE TIMING 
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40-PIN PDIP (600 MIL) 

40 21 

, r"i i"ir"i i"i i"ii"i r"i r"i 



1 2 20 




ALL DIMENSIONS ARE IN INCHES. 



PKG 


40-PIN 


DIM 


MIN 


MAX 


A 




0.200 


A1 


0.015 




A2 


0.140 


0.160 


b 


0.014 


0.022 


c 


0.008 


0.012 


D 


1.980 


2.085 


E 


0.600 


0.625 


E1 


0.530 


0.555 


e 


0.090 


0.110 


L 


0.115 


0.145 


eB 


0.600 


0.700 



56-G5000-000 
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40-PIN TQFP 



Li 



-D - 
-Dl- 



SEE 
NOTE ! 
2. ! 



El E 



SEE DETAIL 'A' 



rimnnnriririi^ X-| 



NOTES: 

1. DIMENSIONS Dl AND El INCLUDE MOLD 
MISMATCH, BUT DO NOT INCLUDE MOLD 
PROTRUSION; ALLOWABLE PROTRUSION IS 
0.25 MM PER SIDE. 

2. DETAILS OF PIN 1 IDENTIFIER ARE OPTIONAL 
BUT MUST BE LOCATED WITHIN THE ZONE 
INDICATED. 

3. ALLOWABLE DAMBAR PROTRUSION IS 0.08 MM 
TOTAL IN EXCESS OF THE B DIMENSION; AT 
MAXIMUM MATERIAL CONDITION. PROTRUSION 
NOT TO BE LOCATED ON LOWER RADIUS OR 
FOOT OF LEAD. 

4. CONTROLLING DIMENSIONS: MILLIMETERS. 



PKG 


44-PIN 


DIM 


MIN 


MAX 


A 




1.20 


A1 


0.05 


0.15 


A2 


0.95 


1.05 


D 


11.80 


12.20 


D1 


10.00 BSC 


E 


11.80 


12.20 


E1 


10.00 BSC 


L 


0.45 


0.75 


e 


0.80 BSC 


B 


0.30 


0.45 


C 


0.09 


0.20 



56-G40 12-001 



0- MIN. 




DETAIL A 



SUGGESTED PAD LAYOUT 
44 PIN TQFP, 10*10*1.0 



[-•— 5.47 — w 



0.60 
0.56 



l_j 
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44-PIN PLCC 

NOTE: 

A PIN— 1 IDENTIFIER TO BE LOCATED IN ZONE INDICATED. 
2. CONTROLLING DIMENSIONS ARE IN INCHS 




PKG 


44-PIN 


DIM 


MIN 


MAX 


A 


0.165 


0.180 


A1 


0.090 


0.120 


A2 


0.020 




B 


0.026 


0.033 


B1 


0.013 


0.021 


c 


0.009 


0.012 


cm 


0.042 


0.048 


D 


0.685 


0.695 


D1 


0.650 


0.656 


D2 


0.590 


0.630 


E 


0.685 


0.695 


E1 


0.650 


0.656 


E2 


0.590 


0.630 


e1 


0.050 BSC 


N 


44 





-H (—8 




56-G4003-O01 



SUGGESTED PAD LAYOUT 

44 PIN PLCC 



-.630 - 
-.500- 



-ed 

-ED 

cd 

CD 

cd 
-ed- 
cd 

CD 

:cd 

CD 

m 



HDDDDIIDDDDS 



+ 



BDDDDIIDDDDB 



cd 

CD 
□ 
■& 
CD 
CD 
CD 
CD 
CD 



L18044 
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PRELIMINARY 



DALLAS 

SEMICONDUCTOR 



DS87C520 

EPROM High-Speed Micro 



FEATURES 

• 80C52 compatible 

- 8051 pin and instruction set compatible 

- Four 8-bit I/O ports 

- Three 16-bit timer/counters 

- 256 bytes scratchpad RAM 

• Large On-chip Memory 

- 16KB EPROM (OTP) 

- 1 KB extra on-chip SRAM for MOVX 

• ROMSIZE™ Feature 

- Selects effective on-chip ROM size from to 
16KB 

- Allows access to entire external memory map 

- Dynamically adjustable by software 

- Useful as boot block for external FLASH 

• High-Speed Architecture 

- 4 clocks/machine cycle (8051 = 12) 

- Runs DC to 33 MHz clock rates 

- Single-cycle instruction in 121 ns 

- Dual data pointer 

- Optional variable length MOVX to access fast/ 
slow RAM/peripherals 

• Power Management Mode 

- Programmable clock source to save power 

- CPU runs from (crystal/64) or (crystal/1024) 

- Provides automatic hardware and software exit 

• EMI Reduction Mode disables ALE 

• Two full-duplex hardware serial ports 

• High integration controller includes: 

- Power-fail reset 

- Early-warning power-fail interrupt 

- Programmable Watchdog timer 

• 13 total interrupt sources with 6 external 

• Available in 40-pin PDIP, 44-pin PLCC, 44-pin 
TQFP, and 40-pin windowed CERDIP 



PACKAGE OUTLINE 



P1.0/T2I 
P1.1/T2EXI 
P1.2/RXD1 f 
P1.3/TXD1 f 
P1.4/INT2f 
P1 .5/INT3 f 
P1.6/INT4I 
P1 .7/INT5 i 
RST f 
P3.0/RXD0 i 
P3.1/TXD0 f 
P3.2 /INT0 f 
P3.3/INT1 f 
P3AIT0 i 
P3.5/T1 f 
P3.6/WR f 
P3.7/RD f 
XTAL2 f 
XTAL1 f 
VSS f 



9* 



— 

40 
39 
38 
37 
36 
35 
34 
33 
32 

DALLAS 31 
DS87C520 30 

29 
28 
27 
26 
25 
24 
23 
22 
21 



VCC 
PO.O 
P0.1 
P0.2 
P0.3 
P0.4 
P0.5 
P0.6 
P0.7 
EA/Vpp 



40-PIN PDIP 
40-PIN CER DIP 



7 C 

c 
c 

c 
c 
t 
c 
c 
c 
c 

17^ 



DALLAS 
DS87C520 



ALE/P ROG 

PSEN 

P2.7 

P2.6 

P2.5 

P2.4 

P2.3 

P2.2 

P2.1 

P2.0 



uuuuuuuuuuu 

18 44-PIN PLCC 28 



^29 




DALLAS 
DS87C520 



'23 



12 UUUUUUUUUUU 22 
44-PIN TQFP 
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DS87C520 



DESCRIPTION 

The DS87C520 is a fast 8051 compatible microcontrol- 
ler. It features a redesigned processor core without 
wasted clock and memory cycles. As a result, it 
executes every 8051 instruction between 1.5 and 3 
times faster than the original for the same crystal speed. 
Typical applications will see a speed improvement of 2.5 
times using the same code and the same crystal. The 
DS87C520 offers a maximum crystal speed of 33 MHz, 
resulting in apparent execution speeds of 82.5 MHz 
(approximately 2.5X). 

The DS87C520 is pin compatible with all three pack- 
ages of the standard 8051 and includes standard 
resources such as three timer/counters, serial port, and 
four 8-bit I/O ports. It features 1 6KB of EPROM with an 
extra 1 KB of data RAM. Both OTP and windowed pack- 
ages are available. 

Besides greater speed, the micro includes a second full 
hardware serial port, seven additional interrupts, pro- 
grammable watchdog timer, brown-out monitor, and 



power-fail reset. The DS87C520 also provides dual 
data pointers (DPTRs) to speed block data memory 
moves. It also can adjust the speed of MOVX data 
memory access from two to nine machine cycles for 
flexibility in selecting external memory and peripherals. 

A new Power Management Mode (PMM) is useful for 
portable applications. This feature allows software to 
select a lower speed clock as the main time base. While 
normal operation has a machine cycle rate of 4 clocks 
per cycle, the PMM runs the processor at 64 or 1024 
clocks per cycle. For example, at 12 MHz, standard 
operation has a machine cycle rate of 3 MHz. In Power 
Management Mode, software can select either 187.5 
KHz or 11 .7 KHz machine cycle rate. There is a corre- 
sponding reduction in power consumption when the 
processor runs slower. 

The EMI reduction feature allows software to select a 
reduced emission mode. This disables the ALE signal 
when it is unneeded. 



ORDERING INFORMATION: 



PART NUMBER 


PACKAGE 


MAX. CLOCK SPEED 


TEMPERATURE RANGE 


DS87C520-MCL 


40-pin plastic DIP 


33 MHz 


0°C to 70°C 


DS87C520-QCL 


44-pin PLCC 


33 MHz 


0°C to 70°C 


DS87C520-ECL 


44-pin TQFP 


33 MHz 


0°C to 70°C 


DS87C520-MNL 


40-pin plastic DIP 


33 MHz 


-40°C to +85°C 


DS87C520-QNL 


44-pin PLCC 


33 MHz 


-40°C to +85°C 


DS87C520-ENL 


44-pin TQFP 


33 MHz 


-40°C to +85°C 


DS87C520-WCL 


40-pin windowed CERDIP 


33 MHz 


0°C to 70°C 
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DS87C520 BLOCK DIAGRAM Figure 1 




IE 



ACCUMULATOR 



n 




STACK POINTER 



H3-E 



INTERRUPT REG- 



INSTRUCTION 
DECODE 



OSCILLATOR \ 



CLOCKS AND 
MEMORY CONTROL 



1KX8 h - 

SRAM 



16KX8 
OTP 1- 
ROM 



IPC ADDR. REG. 



ADDRESS BUS 



-VI N 

-Ni 1/ 



PC INCREMENT 



PROG. COUNTER 



ST - V- I 



POWER CONTROL PEG. WATCHDOG REG. 



RESET 




CONTROL 





V CC POWER MONITOR 



PIN DESCRIPTION Table 1 



DIP 


PLCC 


TQFP 


SIGNAL 
NAME 


DESCRIPTION 


40 


44 


38 


Vcc 


V CC - +5V. 


20 


22, 23, 
1 


16, 17, 
39 


GND 


GND - Digital circuit ground. 


9 


10 


4 


RST 


RST - Input. The RST input pin contains a Schmitt voltage input 
to recognize external active high Reset inputs. The pin also 
employs an internal pull-down resistor to allow for a combination 
of wired OR external Reset sources. An RC is not required for 
power-up, as the DS87C520 provides this function internally. 


18 
19 


20 
21 


14 
15 


XTAL2 
XTAL1 


XTAL1, XTAL2 - The crystal oscillator pins XTAL1 and XTAL2 
provide support for parallel resonant, AT cut crystals. XTAL1 acts 
also as an input if there is an external clock source in place of a 
crystal. XTAL2 serves as the output of the crystal amplifier. 


29 


32 


26 


PSEN 


PSEN - Output. The Program Store Enable output. This signal 
is commonly connected to optional external ROM memory as a 
chip enable. PSEN will provide an active low pulse and is driven 
high when external ROM is not being accessed. 
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DIP 


PLCC 


TQFP 


SIGNAL 
NAME 


DESCRIPTION 


30 


33 


27 


ALE 


ALE - Output. The Address Latch Enable output functions as a 
clock to latch the external address LSB from the multiplexed 
address/data bus on Port 0. This signal is commonly connected 

tn thes Intf^h pnahlp nf an pytprnal *^7^ familv tran^snarpnt latrh 
l\j ii ic id Lt»i i ci lauic ui ail ca i ci iiai *j I -J idiiiiiy 11 ai i j[jaici 11 la ii^i i . 

Al P hac a milco \A/iHth nf "1 ^ YTAI 1 pvnlpc anH at nprinri nf fmir 
nLC I Ida a UUIoc WIUU I UI l.j AlnL I uyoloo dl IU a uei IUU UI iuui 

XTAI 1 rvrlPQ Al F i«i fnrrpri hinh whpn thP DS87OS20 is in a 
Ppcpt nnnriifinn Al F pan a!<in hp HicrahlpH i i^inn thp f-MI rprtim- 

ncoci UVJI uiuui I. nuu t^oi I aiou uo uioauicu uou ly lite i_ivii I cuuv/ 
tinn mnHp 


39 


43 


37 


PO.O (ADO) 


Port (ADO-7) - I/O. Port is an open-drain 8-bit bi-directional 


38 


42 


36 


P0.1 (AD1) 


I/O port. As an alternate function Port can function as the multi- 


37 


41 


35 


P0.2 (AD2) 


plexed address/data bus to access off-chip memory. During the 


36 


40 


34 


P0.3 (AD3) 


time when ALE is high, the LSB of a memory address is presented. 


35 


39 


33 


P0.4 (AD4) 


When ALE falls to a logic 0, the port transitions to a bi-directional 


34 


38 


32 


P0.5 (AD5) 


data bus. This bus is used to read external ROM and read/write 


33 


37 


31 


P0.6 (AD6) 


external RAM memory or peripherals. When used as a memory 


32 


36 


30 


P0.7 (AD7) 


bus, the port provides active high drivers. The reset condition of 
Port is tri-state. Pull-up resistors are required when using Port 
as an I/O port. 


1-8 


2-9 


40-44 
1-3 


P1.0-P1.7 


Port 1 - I/O. Port 1 functions as both an 8-bit bi-directional I/O 
port and an alternate functional interface for Timer 2 I/O, new 
External Interrupts, and new Serial Port 1 . The reset condition of 
Port 1 is with all bits at a logic 1 . In this state, a weak pull-up holds 
the port high. This condition also serves as an input state, a weak 
pull-up holds the port high. This condition also serves as an input 
mode, since any external circuit that writes to the port will over- 
come the weak pull-up. When software writes a to any port pin, 
the DS87C520 will activate a strong pull-down that remains on 

i intil pithpr a 1 is writtpn nr a rp<?pt npn irQ Writinna 1 aftprthpnnn 1 

UI IUI Clll ICI Q 1 IOVVI HICI 1 ul CllCOd Uuull IO. > VI llll IU O 1 Olid 11 IC Uul 1 

has been at will cause a strong transition driver to turn on, fol- 
lowed by a weaker sustaining pull-up. Once the momentary 
strong driverturns off, the port again becomes the output high (and 
input) state. The alternate modes of Port 1 are outlines as follows. 

Port Alternate Function 


1 


2 


40 




P1 .0 T2 External I/O for Timer/Counter 2 


2 


3 


41 




P1.1 T2EX Timer/Counter 2 Capture/Reload Trigger 


3 


4 


42 




P1.2 RXD1 Serial Port 1 Input 


4 


5 


43 




P1.3 TXD1 Serial Port 1 Output 


5 


6 


44 




P1 .4 INT2 External Interrupt 2 (Positive Edge Detect) 


6 


7 


1 




P1 .5 INT3 External Interrupt 3 (Negative Edge Detect) 


7 


8 


2 




P1 .6 INT4 External Interrupt 4 (Positive Edge Detect) 


8 


9 


3 




P1.7 INT5 External Interrupt 5 (Negative Edge Detect) 
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Ulr 




1 Urr 


M AMP 




21 


24 


18 


P2.0 (A8) 


Port 2 (A8-1 5) - I/O. Port 2 is a bi-directional I/O port. The reset 


22 


25 


19 


P2.1 (A9) 


condition of Port 2 is logic high. In this state, a weak pull-up holds 


23 


26 


20 


P2.2 (A10) 


the port high. This condition also serves as an input mode, since 


24 


27 


21 


P2.3(A11) 


any external circuit that writes to the port will overcome the weak 


25 


28 


22 


P2.4(A12) 


pull-up. When software writes a to any port pin, the DS87C520 


26 


29 


23 


P2.5 (A13) 


will activate a strong pull-down that remains on until either a 1 is 


27 


30 


24 


P2.6 (A14) 


written or a reset occurs. Writing a 1 after the port has been at 


28 


31 


25 


P2.7 (A15) 


will cause a strong transition driver to turn on, followed by a weaker 
sustaining pull-up. Once the momentary strong driver turns off, 
the port again becomes both the output high and input state. As 
an alternate function Port 2 can function as MSB of the external 
address bus. This bus can be used to read external ROM and 
read/write external RAM memory or peripherals. 


10-17 


11, 
13-19 


5,7-13 


P3.0-P3.7 


Port 3 - I/O. Port 3 functions as both an 8-bit bi-directional I/O 
port and an alternate functional interface for External Interrupts, 
Serial Port 0, Timer and 1 Inputs, and RD and WR strobes. The 
reset condition of Port 3 is with all bits at a logic 1 . In this state, a 
weak pull-up holds the port high. This condition also serves as an 
input mode, since any external circuit that writes to the port will 
overcome the weak pull-up. When software writes a to any port 
pin, the DS87C520 will activate a strong pull-down that remains 
on until either a 1 is written or a reset occurs. Writing a 1 after the 
port has been at will cause a strong transition driver to turn on, 
followed by a weaker sustaining pull-up. Once the momentary 
strong driver turns off, the port again becomes both the output 
high and input state. The alternate modes of Port 3 are outlined 
below. 

Port Alternate Mode 


10 


11 


5 




P3.0 RXD0 Serial Port Input 


11 


13 


7 




P3.1 TXD0 Serial Port Output 


12 


14 


8 




P3.2 INTO External Interrupt 


13 


15 


9 




P3.3 INT1 External Interrupt 1 


14 


16 


10 




P3.4 TO Timer External Input 


15 


17 


11 




P3.5 T1 Timer 1 External Input 


16 


18 


12 




P3.6 WR External Data Memory Write Strobe 


17 


19 


13 




P3.7 RD External Data Memory Read Strobe 


31 


35 


29 


EA 


EA - Input. Connect to ground to force the DS87C520 to use an 
external ROM. The internal RAM is still accessible as determined 
by register settings. Connect EA to V cc to use internal ROM. 




12 


6 


NC 


NC - Reserved. These pins should not be connected. They are 




34 


28 




reserved for use with future devices in this family. 
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COMPATIBILITY 

The DS87C520 is a fully static CMOS 8051 compatible 
microcontroller designed for high performance. In most 
cases the DS87C520 can drop into an existing socket 
for the 80C51 , 80C52, 87C51 , or 87C52 to improve the 
operation significantly. While remaining familiar to 8051 
family users, it has many new features. In general, soft- 
ware written for existing 8051 based systems works 
without modification on the DS87C520. The exception 
is critical timing since the High-Speed Micro performs 
its instructions much faster than the original for any 
given crystal selection. The DS87C520 runs the stan- 
dard 8051 family instruction set and is pin compatible 
with DIP, PLCC orTQFP packages. 

The DS87C520 provides three 16-bit timer/counters, 
full-duplex serial port (2), 256 bytes of direct RAM plus 
1KB of extra MOVX RAM. I/O ports have the same 
operation as a standard 8051 product. Timers will 
default to a 12 clock per cycle operation to keep their 
timing compatible with original 8051 family systems. 
However, timers are individually programmable to run at 
the new 4 clocks per cycle if desired. The PCA is not 
supported. 

The DS87C520 provides several new hardware fea- 
tures implemented by new Special Function Registers. 
A summary of these SFRs is provided below. 

PERFORMANCE OVERVIEW 

The DS87C520 features a high speed 8051 compatible 
core. Higher speed comes not just from increasing the 
clock frequency, but from a newer, more efficient 
design. 

This updated core does not have the dummy memory 
cycles that are present in a standard 8051 . A conven- 
tional 8051 generates machine cycles using the clock 
frequency divided by 12. In the DS87C520, the same 
machine cycle takes four clocks. Thus the fastest 
instruction, 1 machine cycle, executes three times 
faster for the same crystal frequency. Note that these 
are identical instructions. The majority of instructions on 
the DS87C520 will see the full 3 to 1 speed improve- 
ment. Some instructions will get between 1 .5 and 2.4 to 
1 improvement. All instructions are faster than the origi- 
nal 8051. 

The numerical average of all opcodes gives approxi- 
mately a 2.5 to 1 speed improvement. Improvement of 



individual programs will depend on the actual instruc- 
tions used. Speed sensitive applications would make 
the most use of instructions that are three times faster. 
However, the sheer number of 3 to 1 improved opcodes 
makes dramatic speed improvements likely for any 
code. These architecture improvements and 0.8 urn 
CMOS produce a peak instruction cycle in 121 ns (8.25 
MIPs). The Dual Data Pointer feature also allows the 
user to eliminate wasted instructions when moving 
blocks of memory. 

INSTRUCTION SET SUMMARY 

All instructions in the DS87C520 perform the same 
functions as their 8051 counterparts. Their effect on 
bits, flags, and other status functions is identical. How- 
ever, the timing of each instruction is different. This 
applies both in absolute and relative number of clocks. 

For absolute timing of real-time events, the timing of 
software loops can be calculated using a table in the 
High-Speed Microcontroller User's Guide. However, 
counter/timers default to run at the older 1 2 clocks per 
increment. In this way, timer-based events occur at the 
standard intervals with software executing at higher 
speed. Timers optionally can run at 4 clocks per incre- 
ment to take advantage of faster processor operation. 

The relative time of two instructions might be different in 
the new architecture than it was previously. For exam- 
ple, in the original architecture, the "MOVX A, @ DPTR" 
instruction and the "MOV direct, direct" instruction used 
two machine cycles or 24 oscillator cycles. Therefore, 
they required the same amount of time. In the 
DS87C520, the MOVX instruction takes as little as two 
machine cycles or eight oscillator cycles but the "MOV 
direct, direct" uses three machine cycles or 1 2 oscillator 
cycles. While both are faster than their original counter- 
parts, they now have different execution times. This is 
because the DS87C520 usually uses one instruction 
cycle for each instruction byte. The user concerned with 
precise program timing should examine the timing of 
each instruction for familiarity with the changes. Note 
that a machine cycle now requires just four clocks, and 
provides one ALE pulse per cycle. Many instructions 
require only one cycle, but some require five. In the orig- 
inal architecture, all were one or two cycles except for 
MULand DIV. Refer to the High-Speed Microcontroller 
User's Guide for details and individual instruction tim- 
ing. 
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SPECIAL FUNCTION REGISTERS 

Special Function Registers (SFRs) control most special 
features of the DS87C520. This allows the DS87C520 
to have many new features but use the same instruction 
set as the 8051 . When writing software to use a new fea- 
ture, an equate statement defines the SFR to an assem- 



bler or compiler. This is the only change needed to 
access the new function. The DS87C520 duplicates the 
SFRs contained in the standard 80C52. Table 2 shows 
the register addresses and bit locations. Many are stan- 
dard 80C52 registers. The High-Speed Microcontroller 
User's Guide describes all SFRs. 



SPECIAL FUNCTION REGISTER LOCATIONS Table 2 
* New functions are in bold 



REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


P0 


P0.7 


P0.6 


P0.5 


P0.4 


P0.3 


P0.2 


P0.1 


PO.O 


80h 


SP 


















81h 


DPL 


















82h 


DPH 


















83h 


DPL1 


















84h 


DPH1 


















85h 


DPS 























SEL 


86h 


PCON 


SMOD_0 


SMODO 


— 




GF1 


GFO 


STOP 


IDLE 


87h 


TCON 


TF1 


TR1 


TFO 


" : 


IE1 


IT1 


IE0 


ITO 


88h 


TMOD 


GATE 


cff 


Ml 


MO 


GATE 


C/T 


M1 


MO 


89h 


TLO 


















8Ah 


TL1 


















8Bh 


THO 


















8Ch 


TH1 


















8Dh 


CKCON 


WD1 


WDO 


T2M 


T1M 


TOM 


MD2 


MD1 


MDO 


8Eh 


PORT1 


P1.7 


P1.6 


P1.5 


P1.4 


P1.3 


P1.2 


P1.1 


P1.0 


90h 


EXIF 


IE5 


IE4 


IE3 


IE2 


XT/RG 


RGMD 


RGSL 


BGS 


91h 


SCON0 


SMO/FEJ) 


SM1„0 


SM2_0 


REN_0 


TB8_0 


RB8_0 


TLO 


Rl_0 


98h 


SBUFO 


















99h 


P2 


P2.7 


P2.6 


P2.5 


P2.4 


P2.3 


P2.2 


P2.1 


P2.0 


AOh 


IE 


EA 


ES1 


ET2 


ESO 


ET1 


EX1 


ETO 


EXO 


A8h 


SADDRO 


















A9h 


SADDR1 


















AAh 


P3 


P3.7 


P3.6 


P3.5 


P3.4 


P3.3 


P3.2 


P3.1 


P3.0 


BOh 


IP 




PS1 


PT2 


PSO 


PT1 


PX1 


PTO 


PXO 


B8h 


SADENO 


















B9h 


SADEN1 


















BAh 


SCON1 


SM(VFE_1 


SM1_1 


SM2JI 


REN_1 


TB8_1 


RB8_1 


TM 


RM 


COh 


SBUF1 


SB7 


SB6 


SB5 


SB4 


SB3 


SB2 


SB1 


SBO 


C1h 


ROMSIZE 












RMS2 


RMS1 


RMSO 


C2h 


PMR 


CD1 


CDO 


SWB 




XTOFF 


ALEOFF 


DME1 


DMEO 


C4h 


STATUS 


PIP 


HIP 


LIP 


XTUP 


SPTA1 


SPRA1 


SPTAO 


SPRAO 


C5h 
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REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


TA 


















C7h 


T2CON 


TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


C/T2 


CP/RL2 


C8h 


T2MOD 














T20E 


DCEN 


C9h 


RCAP2L 


















CAh 


RCAP2H 


















CBh 


TL2 


















CCh 


TH2 


















CDh 


PSW 


CY 


AC 


FO 


RS1 


RSO 


OV 


FL 


P 


DOh 


WDCON 


SMOD_1 


POR 


EPFI 


PFI 


WDIF 


WTRF 


EWT 


RWT 


D8h 


ACC 


















EOh 


EIE 








EWDI 


EX5 


EX4 


EX3 


EX2 


E8h 


B 


















FOh 


EIP 








PWDI 


PX5 


PX4 


PX3 


PX2 


F8h 



MEMORY RESOURCES 

Like the 8051, the DS87C520 uses three memory 
areas. These are program (ROM), data (RAM), and 
scratchpad RAM (registers). The DS87C520 contains 
on-chip quantities of all three areas. 

The total memory configuration of the DS87C520 is 
16KB of ROM, 1KB of data SRAM and 256 bytes of 
scratchpad or direct RAM. The 1KB of data space 
SRAM is read/write accessible and is memory mapped. 
This on-chip SRAM is reached by the MOVX instruc- 
tion. It is not used for executable memory. The scratch- 
pad area is 256 bytes of register mapped RAM and is 
identical to the RAM found on the 80C52. There is no 
conflict or overlap among the 256 bytes and the 1 KB as 
they use different addressing modes and separate 
instructions. 

PROGRAM MEMORY ACCESS 

On-chip ROM begins at address OOOOh and is contigu- 
ous through 3FFFh (16KB). Exceeding the maximum 
address of on-chip ROM will cause the DS87C520 to 
access off-chip memory. However, the maximum on- 
chip decoded address is selectable by software using 
the ROMSIZE™ feature. Software can cause the 
DS87C520 to behave like a device with less on-chip 
memory. This is beneficial when overlapping external 
memory, such as Flash, is used. 

The maximum memory size is dynamically variable. 
Thus a portion of memory can be removed from the 
memory map to access off-chip memory, then restored 



to access on-chip memory. In fact, all of the on-chip 
memory can be removed from the memory map allow- 
ing the full 64KB memory space to be addressed from 
off-chip memory. ROM addresses that are larger than 
the selected maximum are automatically fetched from 
outside the part via Ports and 2. A depiction of the 
ROM memory map is shown in Figure 2. 

The ROMSIZE register is used to select the maximum 
on-chip decoded address for ROM. Bits RMS2, RMS1 , 
RMSO have the following affect. 



Maximum on-chip 
RMS2 RMS1 RMSO ROM Address 












0KB 








1 


1KB 





1 





2KB 





1 


1 


4KB 


1 








8KB 


1 





1 


16KB (default) 


1 


1 





Invalid - reserved 


1 


1 


1 


Invalid - reserved 



The reset default condition is a maximum on-chip ROM 
address of 16KB. Thus no action is required if this fea- 
ture is not used. When accessing external program 
memory, the first 1 6KB would be inaccessible. To select 
a smaller effective ROM size, software must alter bits 
RMS2-RMS0. Altering these bits requires a Timed 
Access procedure as explained later. 
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Care should be taken so that changing the ROMSIZE 
register does not corrupt program execution. For exam- 
ple, assume that a DS87C520 is executing instructions 
from internal program memory near the 1 2KB boundary 
(~3000h) and that the ROMSIZE register is currently 
configured for a 16KB internal program space. If soft- 
ware reconfigures the ROMSIZE register to 4KB 
(OOOOh-OFFFh) in the current state, the device will 
immediately jump to external program execution 
because program code from 4KB to 16KB 
(1000h-3FFFh) is no longer located on-chip. This 
could result in code misalignment and execution of an 
invalid instruction. The recommended method is to 
modify the ROMSIZE register from a location in memory 
that will be internal (or external) both before and afterthe 
operation. In the above example, the instruction which 



modifies the ROMSIZE register should be located 
below the 4KB (1 OOOh) boundary, so that it will be unaf- 
fected by the memory modification. The same precau- 
tion should be applied if the internal program memory 
size is modified while executing from external program 
memory. 

Off-chip memory is accessed using the multiplexed 
address/data bus on PO and the MSB address on P2. 
While serving as a memory bus, these pins are not I/O 
ports. This convention follows the standard 8051 
method of expanding on-chip memory. Off-chip ROM 
access also occurs if the EA pin is a logic 0. EA over- 
rides all bit settings. The PSEN signal will go active (low) 
to serve as a chip enable or output enable when Ports 
and 2 fetch from external ROM. 



ROM MEMORY MAP Figure 2 



ROM SIZE ADJUSTABLE 
DEFAULT = 16K BYTES 



EA=1 



FFFFh 



3FFFh' 



64K 



USER 
SELECTABLE 



16K 



OOOOh 



ROM SIZE IGNORED 
EA=0 



FFFFh 



DATA MEMORY ACCESS 

Unlike many 8051 derivatives, the DS87C520 contains 
on-chip data memory. It also contains the standard 256 
bytes of RAM accessed by direct instructions. These 
areas are separate. The MOVX instruction accesses 
the on-chip data memory. Although physically on-chip, 
software treats this area as though it was located off- 
chip. The 1 KB of SRAM is between address OOOOh and 
03FFh. 

Access to the on-chip data RAM is optional under soft- 
ware control. When enabled by software, the data 
SRAM is between OOOOh and 03FFh. Any MOVX 
instruction that uses this area will go to the on-chip RAM 
while enabled. MOVX addresses greater than 03FFh 
automatically go to external memory through Ports 
and 2. 



When disabled, the 1 KB memory area is transparent to 
the system memory map. Any MOVX directed to the 
space between OOOOh and FFFFh goes to the expanded 
bus on Ports and 2. This also is the default condition. 
This default allows the DS87C520 to drop into an exist- 
ing system that uses these addresses for other hard- 
ware and still have full compatibility. 

The on-chip data area is software selectable using two 
bits in the Power Management Register at location C4h. 
This selection is dynamically programmable. Thus 
access to the on-chip area becomes transparent to 
reach off-chip devices at the same addresses. The con- 
trol bits are DME1 (PMR.1) and DMEO (PMR.O). They 
have the following operation: 



041795 9/37 



214 



DS87C520 



DATA MEMORY ACCESS CONTROL Table 3 



DME1 


DMEO 


DATA MEMORY ADDRESS 


MEMORY FUNCTION 








OOOOh - FFFFh 


External Data Memory 'Default condition 





1 


OOOOh - 03FFh 
0400h - FFFFh 


Internal SRAM Data Memory 
External Data Memory 


1 





Reserved 


Reserved 


1 


1 


OOOOh - 03FFh 
0400h - FFFBh 
FFFCh 

FFFDh - FFFFh 


Internal SRAM Data Memory 
Reserved - no external access 
Read access to the status of lock bits 
Reserved - no external access 



Notes on the status byte read at FFFCh with DME1 , = 1 , 1 : Bits 2-0 reflect the programmed status of the security 
lock bits LB2-LB0. They are individually set to a logic 1 to correspond to a security lock bit that has been programmed. 
These status bits allow software to verify that the part has been locked before running if desired. The bits are read only. 



STRETCH MEMORY CYCLE 

The DS87C520 allows software to adjust the speed of 
off-chip data memory access. The micro is capable of 
performing the MOVX in as few as two instruction 
cycles. The on-chip SRAM uses this speed and any 
MOVX instruction directed internally uses two cycles. 
However, the time can be stretched for interface to 
external devices. This allows access to both fast 
memory and slow memory or peripherals with no glue 
logic. Even in high-speed systems, it may not be neces- 
sary or desirable to perform off-chip data memory 
access at full speed. In addition, there are a variety of 
memory mapped peripherals such as LCDs or UARTs 
that are slow. 

The Stretch MOVX is controlled by the Clock Control 
Register at SFR location 8Eh as described below. It 
allows the user to select a Stretch value between zero 
and seven. A Stretch of zero will result in a two machine 
cycle MOVX. A Stretch of seven will result in a MOVX of 
nine machine cycles. Software can dynamically change 
this value depending on the particular memory or 
peripheral. 

On reset, the Stretch value will default to a one resulting 
in a three cycle MOVX for any external access. There- 



fore, off-chip RAM access is not at full speed. This is a 
convenience to existing designs that may not have fast 
RAM in place. Internal SRAM access is always at full 
speed regardless of the Stretch setting. When desiring 
maximum speed, software should select a Stretch value 
of zero. When using very slow RAM or peripherals, 
select a larger Stretch value. Note that this affects data 
memory only and the only way to slow program memory 
(ROM) access is to use a slower crystal. 

Using a Stretch value between one and seven causes 
the microcontroller to stretch the read/write strobe and 
all related timing. Also, setup and hold times are 
increased by one clock when using any Stretch greater 
than 0. This results in a wider read/write strobe and 
relaxed interface timing, allowing more time for 
memory/peripherals to respond. The timing of the vari- 
able speed MOVX is in the Electrical Specifications. 
Table 4 shows the resulting strobe widths for each 
Stretch value. The memory Stretch uses the Clock Con- 
trol Special Function Register at SFR location 8Eh. The 
Stretch value is selected using bits CKCON.2-0. In the 
table, these bits are referred to as M2 through MO. The 
first Stretch (default) allows the use of common 120 ns 
RAMs without dramatically lengthening the memory 
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DATA MEMORY CYCLE STRETCH VALUES Table 4 

CKCON.2-0 RDORWR STROBE STROBE WIDTH TIME 

M2 M1 MO MEMORY CYCLES WIDTH IN CLOCKS @ 33 MHz 



2 (forced internal) 

1 3 (default external) 

10 4 

11 5 

10 6 

10 1 7 

110 8 

111 9 



2 


60 ns 


4 


121 ns 


8 


242 ns 


12 


364 ns 


16 


485 ns 


20 


606 ns 


24 


727 ns 


28 


848 ns 



DUAL DATA POINTER 

The timing of block moves of data memory is faster 
using the DS87C520 Dual Data Pointer (DPTR). The 
standard 8051 DPTR is a 16-bit value that is used to 
address off-chip data RAM or peripherals. In the 
DS87C520, this data pointer is called DPTR0, located at 
SFR addresses 82h and 83h. These are the original 
locations. Using DPTR requires no modification of stan- 
dard code. The new DPTR at SFR 84h and 85h is called 
DPTR1 . The DPTR Select bit (DPS ) chooses the active 
pointer. Its location is the Isb of the SFR location 86h. No 
other bits in register 86h have any effect and are 0. The 
user switches between data pointers by toggling the Isb 
of register 86h. The increment (INC) instruction is the 
fastest way to accomplish this. All DPTR-related 
instructions use the currently selected DPTR for any 
activity. Therefore it takes only one instruction to switch 
from a source to a destination address. Using the Dual 
Data Pointer saves code from needing to save source 
and destination addresses when doing a block move. 
The software simply switches between DPTR0 and 1 
once software loads them. The relevant register loca- 
tions are as follows: 



DPL 


82h 


Low byte original DPTR 


DPH 


83h 


High byte original DPTR 


DPL1 


84h 


Low byte new DPTR 


DPH1 


85h 


High byte new DPTR 


DPS 


86h 


DPTR Select (Isb) 



POWER MANAGEMENT 

Along with the standard Idle and power down (Stop) 
modes of the standard 80C52, the DS87C520 provides 
a new Power Management Mode. This mode allows the 
processor to continue functioning, yet to save power 



compared with full operation. The DS87C520 also fea- 
tures several enhancements to Stop mode that make it 
more useful. 

POWER MANAGEMENT MODE (PMM) 

Power Management Mode offers a complete scheme of 
reduced internal clock speeds that allow the CPU to run 
software but to use substantially less power. During 
default operation, the DS87C520 uses four clocks per 
machine cycle. Thus the instruction cycle rate is 
Clock/4. At 33 MHz crystal speed, the instruction cycle 
speed is 8.25 MHz (33/4). In PMM, the microcontroller 
continues to operate but uses an internally divided ver- 
sion of the clock source. This creates a lower power 
state without external components. It offers a choice of 
two reduced instruction cycle speeds (and two clock 
sources - discussed below). The speeds are (Clock/64) 
and (Clock/1024). 

Software is the only mechanism to invoke the PMM. 
Table 5 illustrates the instruction cycle rate in PMM for 
several common crystal frequencies. Since power con- 
sumption is a direct function of operating speed, PMM 1 
eliminates most of the power consumption while still 
allowing a reasonable speed of processing. PMM 2 runs 
very slow and provides the lowest power consumption 
without stopping the CPU. This is illustrated in Table 6. 

Note that PMM provides a lower power condition than 
Idle mode. This is because in Idle mode, all clocked 
functions such as timers run at a rate of crystal divided 
by 4. Since wake-up from PMM is as fast as or faster 
than from Idle and PMM allows the CPU to operate 
(even if doing NOPs), there is little reason to use Idle 
mode in new designs. 
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INSTRUCTION CYCLE RATE Table 5 



CRYSTAL SPEED 


FULL OPERATION 
(4 CLOCKS) 


PMM 1 
(64 CLOCKS) 


PMM 2 
(1024 CLOCKS) 


1.8432 MHz 


460.8 KHz 


28.8 KHz 


1.8 KHz 


11.0592 MHz 


2.765 MHz 


172.8 KHz 


10.8 KHz 


22 MHz 


5.53 MHz 


345.6 KHz 


21.6 KHz 


25 MHz 


6.25 MHz 


390.6 KHz 


24.4 KHz 


33 MHz 


8.25 MHz 


515.6 KHz 


32.2 KHz 



OPERATING CURRENT ESTIMATES IN PMM Table 6 



CRYSTAL SPEED 


FULL OPERATION 
(4 CLOCKS) 


PMM 1 
(64 CLOCKS) 


PMM 2 
(1024 CLOCKS) 


1 .8432 MHz 


3.1 mA 


1.2 mA 


1.0 mA 


3.57 MHz 


5.3 mA 


1.6 mA 


1.1 mA 


11.0592 MHz 


15.5 mA 


4.8 mA 


4.0 mA 


16 MHz 


21 mA 


7.1 mA 


6.0 mA 


22 MHz 


25.5 mA 


8.3 mA 


6.5 mA 


25 MHz 


31 mA 


9.7 mA 


8.0 mA 


33 MHz 


36 mA 


12.0 mA 


10.0 mA 



CRYSTALESS PMM 

A major component of power consumption in PMM is 
the crystal amplifier circuit. The DS87C520 allows the 
user to switch CPU operation to an internal ring oscilla- 
tor and turn off the crystal amplifier. The CPU would then 
have a clock source of approximately 2-4 MHz, divided 
by either 4, 64, or 1 024. The ring is not accurate, so soft- 
ware can not perform precision timing. However, this 
mode allows an additional saving of between 0.5 and 
6.0 mA depending on the actual crystal frequency. 
While this saving is of little use when running at 4 clocks 
per instruction cycle, it makes a major contribution when 
running in PMM1 or PMM2. 

PMM OPERATION 

Software invokes the PMM by setting the appropriate 
bits in the SFR area. The basic choices are divider 
speed and clock source. There are three speeds (4, 64, 
and 1024) and two clock sources (crystal and ring). 
Both the decisions and the controls are separate. Soft- 
ware will typically select the clock speed first. Then, it 
will perform the switch to ring operation if desired. 
Lastly, software can disable the crystal amplifier if 
desired. 



There are two ways of exiting PMM. Software can 
remove the condition by reversing the procedure that 
invoked PMM or hardware can (optionally) remove it. To 
resume operation at a divide by 4 rate under software 
control, simply select 4 clocks per cycle, then crystal 
based operation if relevant. When disabling the crystal 
as the time base in favor of the ring oscillator, there are 
timing restrictions associated with restarting the crystal 
operation. Details are described below. 

There are three registers containing bits that are con- 
cerned with PMM functions. They are Power Manage- 
ment Register (PMR; C4h), Status (STATUS; C5h), and 
External Interrupt Flag (EXIF; 91 h) 

Clock Divider 

Software can select the instruction cycle rate by select- 
ing bits CD1 (PMR. 7) and CD0 (PMR. 6) as follows: 

CD] CD0 Cycle rate 

Reserved 

1 4 clocks (default) 

1 64 clocks 

1 1 1024 clocks 
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The selection of instruction cycle rate will take effect 
after a delay of one instruction cycle. Note that the clock 
divider choice applies to all functions including timers. 
Since baud rates are altered, it will be difficult to conduct 
serial communication while in PMM. There are minor 
restrictions on accessing the clock selection bits. The 
processor must be running in a 4 clock state to select 
either 64 (PMM1) or 1024 (PMM2) clocks. This means 
software cannot go directly from PMM1 to PMM2 or visa 
versa. It must return to a 4 clock rate first. 

Switchback 

To return to a 4 clock rate from PMM, software can sim- 
ply select the CD1 and CDO clock control bits to the 4 
clocks per cycle state. However, the DS87C520 pro- 
vides several hardware alternatives for automatic 
Switchback. If Switchback is enabled, then the 
DS87C520 will automatically return to a 4 clock per 
cycle speed when an interrupt occurs from an enabled, 
valid external interrupt source. A Switchback will also 
occur when a UART detects the beginning of a serial 
start bit if the serial receiver is enabled (REN=1). Note 
the beginning of a start bit does not generate an inter- 
rupt; this occurs on reception of a complete serial word. 
The automatic Switchback on detection of a start bit 
allows hardware to correct baud rates in time for a 
proper serial reception. A switchback will also occur 
when a byte is written to SBUFO or SBUF1 for transmis- 
sion. 

Switchback is enabled by setting the SWB bit (PMR.5) 
to a 1 in software. For an external interrupt, Switchback 
will occur only if the interrupt source could really gener- 
ate the interrupt. For example, if INTO is enabled but has 
a low priority setting, then Switchback will not occur on 
INTO if the CPU is servicing a high priority interrupt. 

Status 

Information in the Status register assists decisions 
about switching into PMM. This register contains 
information about the level of active interrupts and the 
activity on the serial ports. 

The DS87C520 supports three levels of interrupt prior- 
ity. These levels are Power-fail, High, and Low. Bits 



STATUS. 7-5 indicate the service status of each level. If 
PIP (Power-fail Interrupt Priority; STATUS. 7) is a 1, 
then the processor is servicing this level. If either HIP 
(High Interrupt Priority; STATUS.6) or LIP (Low Interrupt 
Priority; STATUS. 5) is high, then the corresponding 
level is in service. 

Software should not rely on a lower priority level inter- 
rupt source to remove PMM (Switchback) when a 
higher level is in service. Check the current priority ser- 
vice level before entering PMM. If the current service 
level locks out a desired Switchback source, then it 
would be advisable to wait until this condition clears 
before entering PMM. 

Alternately, software can prevent an undesired exit from 
PMM by entering a low priority interrupt service level 
before entering PMM. This will prevent other low priority 
interrupts from causing a Switchback. 

Status also contains information about the state of the 
serial ports. Serial Port Zero Receive Activity (SPRAO; 
STATUS. 0) indicates a serial word is being received on 
Serial Port when this bit is set to a 1 . Serial Port Zero 
Transmit Activity (SPTAO; STATUS. 1) indicates that the 
serial port is still shifting out a serial transmission. STA- 
TUS.2 and STATUS. 3 provide the same information for 
Serial Port 1, respectively. These bits should be 
interrogated before entering PMM1 or PMM2 to ensure 
that no serial port operations are in progress. Changing 
the clock divisor rate during a serial transmission or 
reception will corrupt the operation. 

Crystal/Ring Operation 

The DS87C520 allows software to choose the clock 
source as an independent selection from the instruction 
cycle rate. The user can select crystal-based or ring 
oscillator-based operation under software control. 
Power-on reset default is the crystal (or external clock) 
source. The ring may save power depending on the 
actual crystal speed. To save still more power, software 
can then disable the crystal amplifier. This process 
requires two steps. Reversing the process also requires 
two steps. 
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The XT/RG bit (EXIF.3) selects the crystal or ring as the 
clock source. Setting XT/RG=1 selects the crystal. Set- 
ting XT/RG=0 selects the ring. The RGMD (EXIF.2) bit 
serves as a status bit by indicating the active clock 
source. RGMD=0 indicates the CPU is running from the 
crystal. RGMD=1 indicates it is running from the ring. 
When operating from the ring, disable the crystal ampli- 
fier by setting the XTOFF bit (PMR.3) to a 1. This can 
only be done when XT/RG=0. 

When changing the clock source, the selection will take 
effect after a one instruction cycle delay. This applies to 
changes from crystal to ring and vise versa. However, 
this assumes that the crystal amplifier is running. In 
most cases, when the ring is active, software previously 
disabled the crystal to save power. If ring operation is 
being used and the system must switch to crystal opera- 
tion, the crystal must first be enabled. Set the XTOFF bit 
to a 0. At this time, the crystal oscillation will begin. The 
DS87C520 then provides a warm-up delay to make cer- 
tain that the frequency is stable. Hardware will set the 
XTUP bit (STATUS.4) to a 1 when the crystal is ready for 



use. Then software should write XT/RG to a 1 to begin 
operating from the crystal. Hardware prevents writing 
XT/RG to a 1 before XTUP=1. The delay between 
XTOFF=0 and XTUP=1 will be 65,536 crystal clocks in 
addition to the crystal cycle startup time. 

Switchback has no effect on the clock source. If soft- 
ware selects a reduced clock divider and enables the 
ring, a Switchback will only restore the divider speed. 
The ring will remain as the time base until altered by soft- 
ware. If there is serial activity, Switchback usually 
occurs with enough time to create proper baud rates. 
This is not true if the crystal is off and the CPU is running 
from the ring. If sending a serial character that wakes 
the system from crystaless PMM, then it should be a 
dummy character of no importance with a subsequent 
delay for crystal startup. 

Figure 3 illustrates a typical decision set associated with 
PMM. Table 7 is a summary of the bits relating to PMM 
and its operation. 



PMM CONTROL AND STATUS BIT SUMMARY Table 7 



BIT NAME 


LOCATION 


FUNCTION 


RESET 


WRITE ACCESS 


XT/RG 


EXIF.3 


Control. XT/RG=1 , runs from crystal or 
external clock; XT/RG=0, runs from internal 
ring oscillator. 


X 


to 1 only when 
XTUP=1 and XTOFF=0 


RGMD 


EXIF.2 


Status. RGMD=1, CPU clock = ring; 
RGMD=0, CPU clock = crystal. 





None 


CD1, CDO 


PMR.7, 
PMR.6 


Control. CD1 ,0=01 , 4 clocks; CS1 ,0=10, 
PMM1;CD1,0=11, PMM2. 


0, 1 


WriteCD1,0=10or11 
only from CD1,0=01 


SWB 


PMR.5 


Control. SWB=1 , hardware invokes switch- 
back to 4 clocks, SWB=0, no hardware 
switchback. 





Unrestricted 


XTOFF 


PMR.3 


Control. Disables crystal operation after ring 
is selected. 





1 only when XT/RG=0 


PIP 


STATUS.7 


Status. 1 indicates a power-fail interrupt in 
service. 





None 


HIP 


STATUS. 6 


Status. 1 indicates high priority interrupt in 
service. 





None 


LIP 


STATUS. 5 


Status. 1 indicates low priority interrupt in 
service. 





None 


XTUP 


STATUS.4 


Status. 1 indicates that the crystal has stabi- 
lized. 


1 


None 


SPTA1 


STATUS.3 


Status. Serial transmission on serial port 1. 





None 


SPRA1 


STATUS.2 


Status. Serial word reception on serial port 1 . 





None 


SPTAO 


STATUS. 1 


Status. Serial transmission on serial port 0. 





None 


SPRAO 


STATUS.O 


Status. Serial word reception on serial port 0. 





None 
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INVOKING AND CLEARING PMM Figure 3 

ENTER POWER MANAGEMENT MODE 



EXITING POWER MANAGEMENT MODE 




SET SWB=1 





SOFTWARE DECIDES 
TO EXIT 



CHECK AND CLEAR 
IMPENDING ACTIVITY 



INVOKE PMM 
CLOCK SPEED=64 OR 1024 
CD1,CD0=10FOR64 
CD1, CD0=11 FOR 1024 





SWB=1 AND EXTERNAL 
ACTIVITY OCCURS 



HARDWARE AUTOMATICALLY 
SWITCHES CD1.CD0 









DONE 







XT/RG=1 










DONE 




LOWEST POWER OPERATING STATE 
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IDLE MODE 

Setting the Isb of the Power Control register (PCON; 
87h) invokes the Idle mode. Idle will leave internal 
clocks, serial ports and timers running. Power con- 
sumption drops because the CPU is not active. Since 
clocks are running, the Idle power consumption is a 
function of crystal frequency. It should be approximately 
1/2 of the operational power at a given frequency. The 
CPU can exit the Idle state with any interrupt or a reset. 
Idle is available for backward software compatibility. 
The system can now reduce power consumption to 
below Idle levels by using PMM1 or PMM2 and running 
NOPs. 

STOP MODE ENHANCEMENTS 

Setting bit 1 of the Power Control register (PCON; 87h) 
invokes the Stop mode. Stop mode is the lowest power 
state since it turns off all internal clocking. The Ice of a 
standard Stop mode is approximately 1 uA (but is speci- 
fied in the Electrical Specifications). The CPU will exit 
Stop mode from an external interrupt or a reset condi- 
tion. Internally generated interrupts (timer, serial port, 
watchdog) are not useful since they require clocking 
activity. 

The DS87C520 provides two enhancements to the Stop 
mode. As documented below, the DS87C520 provides 
a band-gap reference to determine Power-fail Interrupt 
and Reset thresholds. The default state is that the 
band-gap reference is off while in Stop mode. This 
allows the extremely low power state mentioned above. 
A user can optionally choose to have the band-gap 
enabled during Stop mode. With the band-gap refer- 
ence enabled, PFI and Power-fail Reset are functional 
and are a valid means for leaving Stop mode. This 
allows software to detect and compensate for a brown- 
out or power supply sag, even when in Stop mode. In 
Stop mode with the band-gap enabled, Ice wi H be 
approximately 50 uA compared with 1 uA with the 
band-gap off. If a user does not require a Power-fail 
Reset or Interrupt while in Stop mode, the band-gap 
can remain disabled. Only the most power sensitive 
applications should turn off the band-gap, as this 
results in an uncontrolled power-down condition. 

The control of the band-gap reference is located in the 
Extended Interrupt Flag register (EXIF; 91 h). Setting 
BGS (EXIF.O) to a 1 will keep the band-gap reference 
enabled during Stop mode. The default or reset condi- 



tion is with the bit at a logic 0. This results in the band- 
gap being off during Stop mode. Note that this bit has no 
control of the reference during full power, PMM, or Idle 
modes. 

The second feature allows an additional power saving 
option while also making Stop easier to use. This is the 
ability to start instantly when exiting Stop mode. It is the 
internal ring oscillator that provides this feature. This 
ring can be a clock source when exiting Stop mode in 
response to an interrupt. The benefit of the ring oscilla- 
tor is as follows. 

Using Stop mode turns off the crystal oscillator and all 
internal clocks to save power. This requires that the 
oscillator be restarted when exiting Stop mode. Actual 
start-up time is crystal dependent, but is normally at 
least 4 ms. A common recommendation is 1 ms. In an 
application that will wake-up, perform a short operation, 
then return to sleep, the crystal start-up can be longer 
than the real transaction. However, the ring oscillator 
will start instantly. Running from the ring, the user can 
perform a simple operation and return to sleep before 
the crystal has even started. If a user selects the ring to 
provide the start-up clock and the processor remains 
running, hardware will automatically switch to the crys- 
tal once a power-on reset interval (65536 clocks) has 
expired. Hardware uses this value to assure proper 
crystal start even though power is not being cycled. 

The ring oscillator runs at approximately 2-4 MHz but 
will not be a precise value. Do not conduct real-time 
precision operations (including serial communication) 
during this ring period. Figure 3 shows how the opera- 
tion would compare when using the ring, and when 
starting up normally. The default state is to exit Stop 
mode without using the ring oscillator. 

The RGSL- Ring Select bit at EXIF.1 (EXIF; 91 h) con- 
trols this function. When RGSL=1 , the CPU will use the 
ring oscillator to exit Stop mode quickly. As mentioned 
above, the processor will automatically switch from the 
ring to the crystal after a delay of 65,536 crystal clocks. 
For a 3.57 MHz crystal, this is approximately 1 8 ms. The 
processor sets a flag called RGMD-Ring Mode, located 
at EXIF.2, that tells software that the ring is being used. 
The bit will be a logic 1 when the ring is in use. Attempt 
no serial communication or precision timing while this bit 
is set, since the operating frequency is not precise. 
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RING OSCILLATOR EXIT FROM STOP MODE Figure 4 

STOP MODE WITHOUT RING STARTUP 

l_ 4-10 ms ^| 

uC OPERATING H H uC OPERATING 
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uC ENTERS INTERRUPT; CLOCK uC ENTERS 

STOP MODE CLOCK STARTS STABLE STOP MODE 



POWER 



STOP MODE WITH RING STARTUP 



uC OPERATING 



CRYSTAL 
OSCILLATION 



RING 

OSCILLATION 



UC ENTERS 
STOP MODE 



POWER 



uC OPERATING 



INTERRUPT; 
RING STARTS 



uC ENTERS 
STOP MODE 



POWER SAVED 



Note: Diagram assumes that the operation following Stop requires less than 1 8 ms to complete. 



EMI REDUCTION 

The DS87C520 allows software to reduce EMI. One of 
the major contributors to radiated noise in an 8051 
based system is the toggling of ALE. The DS87C520 
allows software to disable ALE when not used by setting 
the ALE OFF (PMR.2) bit to a 1 . When ALEOFF=1 , ALE 
will still toggle during an off-chip MOVX. However, ALE 
will remain in a static mode when performing on-chip 
memory access. The default state of ALEOFF=0 so 
ALE toggles at a frequency of XTAL/4. 

PERIPHERAL OVERVIEW 

The DS87C520 provides several of the most commonly 
needed peripheral functions in microcomputer-based 
systems. These new functions include a second serial 
port, Power-fail Reset, Power-fail Interrupt, and a pro- 
grammable Watchdog Timer. These are described 
below, and more details are available in the High- 
Speed Microcontroller User's Guide. 



SERIAL PORTS 

The DS87C520 provides a serial port (UART) that is 
identical to the 80C52. In addition it includes a second 
hardware serial port that is a full duplicate of the stan- 
dard one. This port optionally uses pins P1.2 (RXD1) 
and P1.3 (TXD1). It has duplicate control functions 
included in new SFR locations. 

Both ports can operate simultaneously but can be at dif- 
ferent baud rates or even in different modes. The 
second serial port has similar control registers (SCON1 
at COh, SBUF1 at C1h) to the original. The new serial 
port can only use Timer 1 for timer generated baud 
rates. 



TIMER RATE CONTROL 

There is one important difference between the 
DS87C520 and 8051 regarding timers. The original 
8051 used 12 clocks per cycle for timers as well as for 
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machine cycles. The DS87C520 architecture normally 
uses four clocks per machine cycle. However, in the 
area of timers and serial ports, the DS87C520 will 
default to 1 2 clocks per cycle on reset. This allows exist- 
ing code with real-time dependencies such as baud 
rates to operate properly. 

If an application needs higher speed timers or serial 
baud rates, the user can select individual timers to run at 
the 4 clock rate. The Clock Control register (CKCON; 
8Eh) determines these timer speeds. When the relevant 
CKCON bit is a logic 1 , the DS87C520 uses four clocks 
per cycle to generate timer speeds. When the bit is a 0, 
the DS87C520 uses 12 clocks for timer speeds. The 
reset condition is a 0. CKCON. 5 selects the speed of 
Timer 2. CKCON.4 selects Timer 1 and CKCON. 3 
selects Timer 0. Unless a user desires very fast timing, it 
is unnecessary to alter these bits. Note that the timer 
controls are independent. 

POWER FAIL RESET 

The DS87C520 uses a precision band-gap voltage ref- 
erence to decide if Vcc is out of tolerance. While power- 
ing up, the internal monitor circuit maintains a reset 
state until Vcc nses above the Vrst level. Once above 
this level, the monitor enables the crystal oscillator and 
counts 65536 clocks. It then exits the reset state. This 
power-on reset (POR) interval allows time for the oscil- 
lator to stabilize. 

A system needs no external components to generate a 
power-related reset. Anytime Vcc drops below Vrst, 
as in power failure or a power drop, the monitor will gen- 
erate and hold a reset. It occurs automatically, needing 
no action from the software. Refer to the Electrical 
Specifications for the exact value of Vrst 

POWER FAIL INTERRUPT 

The voltage reference that sets a precise reset thresh- 
old also generates an optional early warning Power- 
Fail Interrupt (PFI). When enabled by software, the pro- 
cessor will vector to program memory address 0033h if 
V cc drops below V PFW . PFI has the highest priority. The 
PFI enable is in the Watchdog Control SFR (WDCON - 
D8h). Setting WDCON. 5 to a logic 1 will enable the PFI. 



Application software can also read the PFI flag at 
WDCON.4. A PFI condition sets this bit to a 1 . The flag is 
independent of the interrupt enable and software must 
manually clear it. 

WATCHDOG TIMER 

To prevent software from losing control, the DS87C520 
includes a programmable Watchdog Timer. The Watch- 
dog is a free running timer that sets a flag if allowed to 
reach a preselected time-out. It can be (re)started by 
software. 

A typical application is to select the flag as a reset 
source. When the Watchdog times out, it sets its flag 
which generates reset. Software must restart the timer 
before it reaches its time-out or the processor is reset. 

Software can select one of four time-out values. Then, 
it restarts the timer and enables the reset function. After 
enabling the reset function, software must then restart 
the timer before its expiration or hardware will reset the 
CPU. Both the Watchdog Reset Enable and the Watch- 
dog Restart control bits are protected by a "Timed 
Access" circuit. This prevents errant software from acci- 
dentally clearing the Watchdog. Time-out values are 
precise since they are a function of the crystal frequency 
as shown in Table 8. For reference, the time periods at 
33 MHz also are shown. 

The Watchdog also provides a useful option for systems 
that do not require a reset circuit. It will set an interrupt 
flag 512 clocks before setting the reset flag. Software 
can optionally enable this interrupt source. The interrupt 
is independent of the reset. A common use of the inter- 
rupt is during debug, to show developers where the 
Watchdog times out. This indicates where the Watch- 
dog must be restarted by software. The interrupt also 
can serve as a convenient time-base generator or can 
wake-up the processor from power saving modes. 

The Watchdog function is controlled by the Clock Con- 
trol (CKCON - 8Eh), Watchdog Control (WDCON - 
D8h), and Extended Interrupt Enable (EIE - E8h) SFRs. 
CKCON. 7 and CKCON. 6 are WD1 and WDO respec- 
tively and they select the Watchdog time-out period as 
shown in Table 8. 
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WATCHDOG TIME-OUT VALUES Table 8 



WD1 


WDO 


INTERRUPT 
TIME-OUT 


TIME (33 MHz) 


RESET TIME-OUT 


TIME (33 MHz) 








2 17 clocks 


3.9718 ms 


2 17 + 512 clocks 


3.9874 ms 





1 


2 20 clocks 


31.77 ms 


2 20 + 512 clocks 


31.79 ms 


1 





2 23 clocks 


254.20 ms 


2 23 + 512 clocks 


254.21 ms 


1 


1 


2 26 clocks 


2033.60 ms 


2 26 + 512 clocks 


2033.62 ms 



As shown above, the Watchdog Timer uses the crystal 
frequency as a time base. A user selects one of four 
counter values to determine the time-out. These clock 
counter lengths are 2 17 =131,072 clocks; 
2 20 =1 ,048,576; 2 23 =8,388,608 clocks; and 
2 26 =67, 108,864 clocks. The times shown in Table 8 
above are with a 33 MHz crystal frequency. Once the 
counter chain has completed a full interrupt count, hard- 
ware will set an interrupt flag. Regardless of whether the 
user enables this interrupt, there are then 512 clocks left 
until the reset flag is set. Software can enable the inter- 
rupt and reset individually. Note that the Watchdog is a 
free running timer and does not require an enable. 
There are five control bits in special function registers 
that affect the Watchdog Timer and two status flags that 
report to the user. WDIF (WDCON.3) is the interrupt flag 
that is set at timer termination when there are 512 clocks 
remaining until the reset flag is set. WTRF (WDCON.2) 
is the flag that is set when the timer has completely 
timed out. This flag is normally associated with a CPU 
reset and allows software to determine the reset source. 



INTERRUPT SOURCES AND PRIORITIES Table 9 



NAME 


DESCRIPTION 


VECTOR 


NATURAL 
PRIORITY 


8051/DALLAS 


PFI 


Power Fail Interrupt 


33h 


1 


DALLAS 


INTO 


External Interrupt 


03h 


2 


8051 


TF0 


Timer 


OBh 


3 


8051 


INTT 


External Interrupt 1 


13h 


4 


8051 


TF1 


Timer 1 


1Bh 


5 


8051 


SCON0 


TI0 or RIO from serial port 


23h 


6 


8051 


TF2 


Timer 2 


2Bh 


7 


8051 


SCON1 


TI1 or RI1 from serial port 1 


3Bh 


8 


DALLAS 


INT2 


External Interrupt 2 


43h 


9 


DALLAS 


INT3 


External Interrupt3 


4Bh 


10 


DALLAS 


INT4 


External Interrupt 4 


53h 


11 


DALLAS 


INT5 


External Interrupt 5 


5Bh 


12 


DALLAS 


WDTI 


Watchdog Time-Out Interrupt 


63h 


13 


DALLAS 



EWT (WDCON. 1 ) is the enable for the Watchdog timer 
reset function. RWT (WDCON.0) is the bit that software 
uses to restart the Watchdog Timer. Setting this bit 
restarts the timer for another full interval. Application 
software must set this bit before the time-out. Both of 
these bits are protected by Timed Access discussed 
below. As mentioned previously, WD1 and (CKCON .7 
and 6) select the time-out. Finally, the user can enable 
the Watchdog Interrupt using EWDI (EIE.4). The Spe- 
cial Function Register map is shown above. 

INTERRUPTS 

The DS87C520 provides 1 3 interrupt sources with three 
priority levels. The Power-fail Interrupt (PFI) has the 
highest priority. Software can assign high or low priority 
to other sources. All interrupts that are new to the 8051 
family, except for the PFI, have a lower natural priority 
than the originals. 
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TIMED ACCESS PROTECTION 

It is useful to protect certain SFR bits from an accidental 
write operation. The Timed Access procedure stops an 
errant CPU from accidentally changing these bits. It 
requires that the following instructions precede a write 
of a protected bit. 

MOV 0C7h, #OAAh 

MOV 0C7h, #55h 

Writing an AAh then a 55h to the Timed Access register 
(location C7h) opens a 3 cycle window for write access. 
The window allows software to modify a protected bit(s). 
If these instructions do not immediately precede the 
write operation, then the write will not take effect. The 
protected bits are: 



EXIF.O 


BGS 


Band-gap Select 


WDCON.6 


POR 


Power-on Reset flag 


WDCON.1 


EWT 


Enable Watchdog Reset 


WDCON.O 


RWT 


Restart Watchdog 


WDCON.3 


WDIF 


Watchdog Interrupt Flag 


ROMSIZE.2 


RMS2 


ROM size select 2 


ROMSIZE.1 


RMS1 


ROM size select 1 


ROMSIZE.O 


RMSO 


ROM size select 



EPROM PROGRAMMING 

The DS87C520 follows standards for a 16KB EPROM 
version in the 8051 family. It is available in a UV eras- 
able, ceramic windowed package and in plastic pack- 
ages for one-time user-programmable versions. The 
part has unique signature information so programmers 
can support its specific EPROM options. 



Most commercially available device programmers will 
directly support Dallas Semiconductor microcontrollers. 
If your programmer does not, please contact the 
manufacturer for updated software. 

PROGRAMMING PROCEDURE 

The DS87C520 should run from a clock speed between 
4 and 6 MHz when programmed. The programming fix- 
ture should apply address information for each byte to 
the address lines and the data value to the data lines. 
The control signals must be manipulated as shown in 
Table 10. The diagram in Figure 5 shows the expected 
electrical connection for programming. Note that the 
programmer must apply addresses in demultiplexed 
fashion to Ports 1 and 2 with data on Port 0. Waveforms 
and timing are provided in the Electrical Specifications. 

Program the DS87C520 as follows: 

1 . Apply the address value, 

2. Apply the data value, 

3. Select the programming option from Table 1 using 
the control signals, 

4. Increase the voltage on Vpp from 5V to 12.75V if 
writing to the EPROM, 

5. Pulse the PROG signal five times for EPROM array 
and 25 times for encryption table, lock bits, and other 
EPROM bits, 

6. Repeat as many times as necessary. 



EPROM PROGRAMMING MODES Table 10 



MODE 


RST 


PSEN 


ALE/PROG 


EA/VPP 


P2.6 


P2.7 


P3.3 


P3.6 


P3.7 


Program Code Data 


H 


L 


PL 


12.75V 


L 


H 


H 


H 


H 


Verify Code Data 


H 


L 


H 


H 


L 


L 


L 


H 


H 


Program Encryption Array 
Address 0-3Fh 


H 


L 


PL 


12.75V 


L 


H 


H 


L 


H 


Program Lock Bits 


LB1 


H 


L 


PL 


12.75V 


H 


H 


H 


H 


H 




LB2 


H 


L 


PL 


12.75V 


H 


H 


H 


L 


L 




LB3 


H 


L 


PL 


12.75V 


H 


L 


H 


H 


L 


Program Option Register 
Address FCh 


H 


L 


PL 


12.75V 


L 


H 


H 


L 


L 


Read Signature or Option 
Registers 30, 31 , 60, FCh 


H 


L 


H 


H 


L 


L 


L 


L 


L 



* PL indicates pulse to a logic low. 
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EPROM LOCK BITS Table 11 



LEVEL 


LOCK BITS 


PROTECTION 




LB1 


LB2 


LB3 




1 


U 


U 


U 


No program lock. Encrypted verify if encryption table was pro- 
grammed. 




P 


U 


U 


Prevent MOVC instructions in external memory from reading pro- 
gram bytes in internal memory. EA is sampled and latched on reset. 
Allow no further programming of EPROM. 


3 


P 


P 


U 


Level 2 plus no verify operation. Also, prevent MOVX instructions in 
external memory from reading SRAM (MOVX) in internal memory. 


4 


P 


P 


P 


Level 3 plus no external execution. 



SECURITY OPTIONS 

The DS87C520 employs a standard three-level lock 
that restricts viewing of the EPROM contents. A 
64-byte Encryption Array allows the authorized user to 
verify memory by presenting the data in encrypted form. 

Lock Bits 

The security lock consists of three lock bits. These bits 
select a total of four levels of security. Higher levels pro- 
vide increasing security but also limit application flexibil- 
ity. Table 1 1 shows the security settings. Note that the 
programmer cannot directly read the state of the secu- 
rity lock. User software has access to this information 
as described in the Memory section. 

Encryption Array 

The Encryption Array allows an authorized user to verify 
EPROM without allowing the true memory to be 
dumped. During a verify, each byte is Exclusive NORed 
(XNOR) with a byte in the Encryption Array. This results 
in a true representation of the EPROM while the Encryp- 
tion is unprogrammed (FFh). Once the Encryption Array 
is programmed in a non-FFh state, the verify value will 
be encrypted. 

For encryption to be effective, the Encryption Array 
must be unknown to the party that is trying to verify 
memory. The entire EPROM also should be a non-FFh 
state or the Encryption Array can be discovered. 

The Encryption Array is programmed as shown in Table 
10. Note that the programmer cannot read the array. 
Also note that the verify operation always uses the 



Encryption Array. The array has no impact while FFh. 
Simply programming the array to a non-FFh state will 
cause the encryption to function. 



OTHER EPROM OPTIONS 

The DS87C520 has user selectable options that must 
be set before beginning software execution. These 
options use EPROM bits rather than SFRs. 

Program the EPROM selectable options as shown in 
Table 1 0. The Option Register sets or reads these selec- 
tions. The bits in the Option Control Register have the 
following function: 

Bit 7 -4 Reserved, program to a 1 . 

Bit 3 Watchdog POR default. Set=1 ; Watchdog reset 
function is disabled on power-up. Set=0; Watchdog 
reset function is enabled automatically. 

Bit 2-0 Reserved. Program to a 1 . 



SIGNATURE 

The Signature bytes identify the product and program- 
ming revision to EPROM programmers. This informa- 
tion is at programming addresses 30h, 31 h, and 60h. 
This information is as follows:: 



Address Value 



Meaning 



30h 
31 h 
60h 



DAh 

20h 
01h 



Manufacturer 

Model 

Extension 
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EPROM PROGRAMMING CONFIGURATION Figure 5 



+5V 



A0-A7 < 



CONTROL SIGNALS 



CONTROL SIGNALS 
A14 
A15 

CONTROL SIGNALS 
CONTROL SIGNALS 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 





o 




1 


o 

CL 


o 


RST 






EA/Vpp 




ALE/PROG 




PSEN 


P3.3 


P2.7 


P3.4 


P2.6 


P3.5 


P2.5 




P2.4 




P2.3 




P2.2 




P2.1 




P2.0 



PROG/VERIFY 
DATA 



PROGRAM SIGNALS 
PROGRAM SIGNALS 
CONTROL SIGNALS 
CONTROL SIGNALS 
CONTROL SIGNALS 



A8-A13 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Ground -0.3V to +7.0V 

Operating Temperature 0°C to 70°C 

Storage Temperature -55°C to + 1 25°C 

Soldering Temperature 260°C for 1 seconds 

* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; V C c=4.0V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Supply Voltage 


v C c 


4.5 


5.0 


5.5 


V 


1 


Power Fail Warning 


VPFW 


4.25 


4.38 


4.5 


V 


1 


Minimum Operating Voltage 


VRST 


a n 


4 HO 




V 


H 
I 


Supply Current Active Mode 

(£9 oo MHZ 


!cc 




30 




mA 


2 


Supply Current Idle Mode 

<9 36 MHZ 


'idle 




15 




mA 


3 


Supply Current Stop Mode 
Band— gap Disabled 


'STOP 




1 




uA 


4 


Supply Current Stop Mode, 
Band— gap Enabled 


'SPBG 




50 




uA 


4 


Input Low Level 


V|L 


-0.3 




+0.8 


V 


1 


Input High Level 


V| H 


2.0 




Vrjc+0.3 


V 


1 


Input High Level XTAL1 and RST 


V|H2 


3.5 




Vcc+0.3 


v 




Output Low Voltage, Ports 1 and 3 
@ 'ol = 1 -6 mA 


V L1 




0.15 


0.45 


V 


1 


Output Low Voltage Ports and 2, 
ALE, PSEN @ I l=3.2 mA 


Vni o 




0.15 


0.45 


V 




Output High Voltage Ports 1,2,3, 
ALE, PSEN @ l O H=-50 uA 


Vom 


2.4 






V 


1,6 


Output High Voltage Ports 1,2,3 
@ Ioh= -1 -5 mA 


V<DH2 


2.4 






V 


1,7 


Output High Voltage Port in Bus 
Mode Iqh= -8 mA 


V OH3 


2.4 






V 


1,5 


Input Low Current Ports 1 , 2, 3 
@ 0.45V 


IlL 






-55 


uA 




Transition Current from 1 to 
Ports 1,2, 3 @2V 


Itl 






-650 


uA 


8 


Input Leakage Port 0, and EA 
pins, I/O Mode 


II 


-10 




+10 


uA 


10 


Input Leakage Port 0, Bus Mode 


i L 


-300 




+300 


(iA 


9 


RST Pull-down Resistance 


R RST 


50 




170 


kn 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

All parameters apply to both commercial and industrial temperature operation unless otherwise noted. 

1 . All voltages are referenced to ground. 

2. Active current is measured with a 33 MHz clock source driving XTAL1 , V CC =RST=5.5V, all other pins discon- 
nected. 

3. Idle mode current is measured with a 33 MHz clock source driving XTAL1 , V CC =5.5V, RST at ground, all 
other pins disconnected. 

4. Stop mode current measured with XTAL1 and RST grounded, V C c=5 5V, all other pins disconnected. This 
value is not guaranteed. Users that are sensitive to this specification should contact Dallas Semiconductor for 
more information. 

5. When addressing external memory. 

6. RST=5.5V. This condition mimics operation of pins in I/O mode. Port is tristated in reset and when at a logic 
high state during I/O mode. 

7. During a to 1 transition, a one-shot drives the ports hard for two clock cycles. This measurement reflects 
port in transition mode. 

8. Ports 1 , 2, and 3 source transition current when being pulled down externally. It reaches its maximum at 
approximately 2V. 

9. 0.45<V|n<Vcc- Not a high impedance input. This port is a weak address holding latch in Bus Mode. Peak 
current occurs near the input transition point of the latch, approximately 2V. 

1 0. 0.45<V| N <V C c- RST=5.5V. This condition mimics operation of pins in I/O mode. 



TYPICAL l cc VERSUS FREQUENCY Figure 6 



m sv 



25 - 



20 - 



15 -■ 



30 -- 



5 -— - 
3 ~ -X 

2 - x ; 




2 4 6 8 10 12 16 



20 



24 



30 



33 MHz XTAL 



FREQUENCY 
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33 MHz 


VARIABLE CLOCK 




PARAMETER 


SYMBOL 


MIN 


MAX 


MIN 


MAX 


UNITS 


Oscillator Frequency 


1 /'CLCL 





33 





33 


MHz 


ALE Pulse Width 


*LHLL 


40 




(3t C LCL/2)-5 




ns 


Port Address Valid to ALE Low 


tAVLL 


10 




(t CL CL/2)-5 




ns 


Address Hold after ALE Low 


t|_LAX1 


10 




(t CLC L/2)-5 




ns 


ALE Low to Valid Instruction In 


t|_LIV 




56 




2.5t CLC L-20 


ns 


ALE Low to PSEN Low 


t|_l_PL 


10 




(t C LCL/2)-5 




ns 


PSEN Pulse Width 


tpLPH 


55 




2t(XCL - 5 




ns 


PSEN Low to Valid Instr. In 


tpLIV 




41 




2t C LCL-20 


ns 


Input Instruction Hold after PSEN 


tpxix 












ns 


Input Instruction Float after PSEN 


tpxiz 




26 




tCLCL-5 


ns 


Port Address to Valid Instr. In 


Uviv 




71 




3tcLCL _ 20 


ns 


Port 2 Address to Valid Instr. In 


WlV2 




81 




3.5t CLC L-25 


ns 


PSEN Low to Address Float 


tpLAZ 












ns 



NOTES FOR AC ELECTRICAL CHARACTERISTICS: 

All parameters apply to both commercial and industrial temperature range operation unless otherwise noted. All sig- 
nals characterized with load capacitance of 80 pF except Port 0, ALE, PSEN, RD and WR with 1 00 pF. Interfacing to 
memory devices with float times (turn off times) over 25 ns may cause contention. This will not damage the parts, but 
will cause an increase in operating current. 
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MOVX CHARACTERISTICS (0°C to 70°C; V CC =4.0V to 5.5V) 



PARAMETER 


SYMBOL 


VARIABLE CLOCK 


UNITS 


STRETCH 


MIN 


MAX 


Data Access ALE Pulse Width 


t|_HLL2 


1 -^'CLCL 
2tcLCL-5 




ns 


tMCS=° 
tMCS>0 


Address Hold after ALE Low for 
MOVX Write 


t|_LAX2 


U-^'CLCL s 
tCLCL -5 




ns 


tMCS=0 
tMCS>0 


RD Pulse Width 


tRLRH 


2t CLCL-5 
tMCS-10 




ns 


tMCS=0 
tMCS>° 


WR Pulse Width 


twLWH 


2t C LCL-5 
tMCS- 1 




ns 


tMCS=° 
tMCS>° 


RD Low to Valid Data In 


tRLDV 




2t C LCL-20 
tMCS-20 


ns 


tMCS=0 


Data Hold after Read 


tRHDX 







ns 




Data Float after Read 


tRHDZ 




tCLCL-5 
2tcLCL-5 


ns 


tMCS=0 
tMCS>0 


ALE Low to Valid Data In 


t|_LDV 




2.5tcLCL-20 
*MCS + tCL0L-*5 


ns 


l MCS= 
tMCS>0 


Port Address to Valid Data In 


tAVDVI 




3tcLCL-20 
tMCS +1 - 5t CLCL-20 


ns 


tMCS=° 
tMCS>0 


Port 2 Address to Valid Data In 


l AVDV2 




3-5t C LCL-20 
l MCS + 2tcLCL-20 


ns 


tMCS=0 
tMCS >0 


ALE Low to RD or WR Low 


t|_LWL 


0.5t CL CL-5 

tQ[_Ql_— 5 


0.5tcLCL+5 
tcLCL + 5 


ns 


tMCS=° 
tMCS>0 


Port Address to RD or WR Low 


tAVWLI 


tCLCL" - ^ 
2tcLCL-5 




ns 


tMCS =n 
tMCS>0 


Port 2 Address to RD or WR Low 


tAVWL2 


1.5t CLCL -10 
2.5t CL CL-10 




ns 


tMCS=0 
tMCS>0 


Data Valid to WR Transition 


tQVWX 


-5 




ns 




Data Hold after Write 


twHQX 


tcLCL-5 
2tci_Cl_-5 




ns 


tMCS=0 
tMCS>0 


RD Low to Address Float 


tRLAZ 




-<5-5tcLCL-5 


ns 




RD or WR High to ALE High 


twHLH 




tCLCL-5 


10 

tCLCL+5 


ns 


tMCS=0 
tMCS>0 



NOTE: t MC s is a time period related to the Stretch memory cycle selection. The following table shows the value of 
tMCS * or eacn Stretch selection. 



M2 


M1 


MO 


MOVX CYCLES 


tMCS 











2 machine cycles 











1 


3 machine cycles (default) 


4 tdCL 





1 





4 machine cycles 


8 tcLCL 





1 


1 


5 machine cycles 


1 2 tcLCL 


1 








6 machine cycles 


1 6t C LCL 


1 





1 


7 machine cycles 


20 t CLCL 


1 


1 





8 machine cycles 


24 tcLCL 


1 


1 


1 


9 machine cycles 


28 tcLCL 
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EXTERNAL CLOCK CHARACTERISTICS (0°C to 70°C; V CC =4 0V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Clock High Time 


tCHCX 


10 






ns 




Clock Low Time 


*CLCX 


10 






ns 




Clock Rise Time 


tCLCL 






5 


ns 




Clock Fall Time 


*CHCL 






5 


ns 





SERIAL PORT MODE TIMING CHARACTERISTICS (0°C to 70°C; V CC =4 0V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Serial Port Clock Cycle Time 
SM2=0, 12 clocks per cycle 
SM2=1 , 4 clocks per cycle 


tXLXL 




12tcLCL 
4t CLCL 




ns 
ns 




Output Data Setup to Clock Rising 
SM2=0, 12 clocks per cycle 
SM2=1 , 4 clocks per cycle 


tQVXH 




10t C LCL 

3tci_CL 




ns 
ns 




Output Data Hold from Clock Rising 
SM2=0, 12 clocks per cycle 
SM2=1 , 4 clocks per cycle 


tXHQX 




2tcLCL 
tCLCL 




ns 
ns 




Input Data Hold after Clock Rising 
SM2=0, 12 clocks per cycle 
SM2=1 , 4 clocks per cycle 


tXHDX 




l CLCL 
tCLCL 




ns 
ns 




Clock Rising Edge to Input 

Data Valid 
SM2=0, 12 clocks per cycle 
SM2=1, 4 clocks per cycle 


*XHDV 




11'CLCL 
3'CLCL 




ns 
ns 





EXPLANATION OF AC SYMBOLS 

In an effort to remain compatible with the original 8051 
family, this device specifies the same parameters as 
such devices, using the same symbols. For complete- 
ness, the following is an explanation of the symbols. 



t 


Time 


A 


Address 


C 


Clock 


D 


Input data 


H 


Logic level high 


L 


Logic level low 


I 


Instruction 


P 


PSEN 


Q 


Output data 


R 


RD signal 


V 


Valid 


W 


WR signal 


X 


No longer a valid logic level 


z 


Tristate 
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POWER CYCLE TIMING CHARACTERISTICS (0°C to 70°C; V CC =4 0V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Cycle Start-up Time 


tcsu 




1.8 




ms 


1 


Power-on Reset Delay 


tpOR 






65536 


tc LCI- 


2 



NOTES FOR POWER CYCLE TIMING CHARACTERISTICS: 

1 . Start-up time for crystals varies with load capacitance and manufacturer. Time shown is for an 11 .0592 MHz 
crystal manufactured by Fox. 

2. Reset delay is a synchronous counter of crystal oscillations after crystal start-up. At 33 MHz, this time is 
1.99 ms. 



EPROM PROGRAMMING AND VERIFICATION (21 °C to 27°C; V C c=45V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Programming Voltage 


V PP 


12.5 




13.0 


V 


1 


Programming Supply Current 


lp P 






50 


mA 




Oscillator Frequency 


1 /trjLCL 


4 




6 


MHz 




Address Setup to PROG Low 


( AVGL 


48tcLCL 










Address Hold after PROG 


tGHAX 


48t C LCL 










Data Setup to PROG Low 


tDVGL 


48tci_CL 










Data Hold after PROG 


tGHDX 


4 8tcLCL 










Enable High to Vpp 


l EHSH 


48t CLC L 










V PP Setup to PROG Low 


tSHGL 


10 






us 




V PP Hold after PROG 


tGHSL 


10 






us 




PROG Width 


tGLGH 


90 




110 


us 




Address to Data Valid 


tAVQV 






48t C LCL 






Enable Low to Data Valid 


tELQV 






48tcLCL 






Data Float after Enable 


tEHQZ 







48t C LCL 






PROG High to PROG Low 


tGHGL 


10 






us 





NOTE: 

1 . All voltages are referenced to ground. 
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EXTERNAL DATA MEMORY READ CYCLE 



•lldv 




'avwi? 
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EXTERNAL DATA MEMORY WRITE CYCLE 



ALE 



PSEN 



7 
I 



x 



<LLAX2 — 



WR 



PORT 



PORT 2 



INSTRUCTION 



IN 



y. 



'avll 



.'llwl 



ADDRESS 
A0-A7 



tAVWL! 



tAVWL2 " 



'WLWH 



r 



' IWHLH 



tyVHQX 



DATA OUT 



tQVWX 



ADDRESS A8-A1 5 OUT 



X 



ADDRESS 
A0-A7 



DATA MEMORY WRITE WITH STRETCH=1 



Last Cycle of 



Instruction 



First 
Machine 
Cycle 



Second 

Machine 

Cycle 

MOVX Instruction 



Third 



Cycle 



Need 
Instruction 
Machine Cycle 



CLK 



| C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | 

riiirirLjiJiRrLjijiJinJ^^ 




PORT 2 



MOVX 
Instruction 

Address M0VX 
Instruction 



~ X A8 - A1S "X " 



MOVX 
Data 

Next Address 
Instruction 
Read 



A8-A15 



I 



MOVX Data 



A8-A15 



I 



A8-A15 
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DATA MEMORY WRITE WITH STRETCH=2 



Last Cycle 
of Previous 
Instruction 



First 
Machine . 
Cycle 



Second 
Machine . 
Cycle 



Third 
Machine . 
Cycle 



Fourth 
. Machine , 
Cycle 



MOVX Instruction 



Need 

Instruction ^.1 

Machine 
Cycle 



| C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | 



ALE 



PSEN 



WR 



PORT 




MOVX 
Instruction 
Address M0VX 
Instruction 



PORT 2 



DC 



A8-A15 



I 



MOVX 
Data 
Next Address 
Instruction 
Read 



A8-A15 



MOVX Data 



A8-A15 



H0-A7j ^ D0-D7 



X 



A8-A15 



FOUR CYCLE DATA MEMORY WRITE 
STRETCH VALUE=2 



EXTERNAL CLOCK DRIVE 



tcLCL ■ 



XTAL1 



'CHCL 



'CHCX 



'CLCH 



tCLCX 
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SERIAL PORT MODE TIMING 

SERIAL PORT (SYNCHRONOUS MODE) 

HIGH SPEED OPERATION SM2=1=>TXD CLOCK=XTAL/4 



PSEN 



WRITE TO SBUF 



RXD 
DATA OUT 



TXD 
CLOCK 



RXD 
DATA IN 

TXD 
CLOCK 

Rl 



Jl 



WRITE TO SCON ,-, 
TO CLEAR Rl | [ 



•qvxl_ 



'XHQX 



~~ H <XLXL \* ~ 



> TRANSMIT 



K DO K I D1 I 1 D2 K X 03 X X 04 X K °5 X X 07 X X 08 X 










*XHDV ~~ 











RECEIVE 



SERIAL PORT (SYNCHRONOUS MODE) 
SM2=0=>TXD CL0CK=XTAL/12 



// 
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Vcc - 

VpFW 

Vrst 



INTERRUPT 
SERVICE ROUTINE 



XTAL1 



INTERNAL RESET 



tcsu 




>POR 



EPROM PROGRAMMING AND VERIFICATION WAVEFORMS 

PROGRAMMING 

/ 

A0-A15 



*DVGL ~ 

Wgl 



ADDRESS 



DATA IN 



ALE/PROG " 



*SHGL 



H ► 



EAA/pp 



CONTROL 
SIGNALS 



-S<r 



5 PULSES 

n 



— tGHDX 
'GHAX 



tGHSL 



' <GHGL 

•glgh 



" tEHSH 



VERIFICATION 



ADDRESS 



1 



' 'WQV 



DATA OUT 



I 



tEHQZ 
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40-PIN PDIP (600 MIL) 

40 21 

, r"n"i r"n"i r"i r"i t"i r"i 



1 2 20 




ALL DIMENSIONS ARE IN INCHES. 



PKG 


40-PIN 


DIM 


MIN 


MAX 


A 




0.200 


A1 


0.015 




A2 


0.140 


0.160 


b 


0.014 


0.022 


c 


0.008 


0.012 


D 


1.980 


2.085 


E 


0.600 


0.625 


E1 


0.530 


0.555 


e 


0.090 


0.110 


L 


0.115 


0.145 


eB 


0.600 


0.700 



56-G5000-000 
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40-PIN CER DIP 

— H f—S1 



.350 DIA- 
GLASS LENS 



D 




1 

b4 


W 


h 


Wlf" 

e 


1 



E1- 

■ E - 



A 



ALL DIMENSIONS ARE IN INCHES. 



PKG 


40-PIN 


DIM 


MIN 


MAX 


A 




0.225 


B 


0.014 


0.023 


B1 


0.038 


0.065 


C 


0.006 


0.015 


D 




2.096 


E 


0.510 


0.620 


E1 


0.590 


0.630 


e 


100 BSC 


L 


0.125 


0.200 


L1 


0.150 




Q 


0.020 


0.060 


S 




0.098 


S1 


0.005 




a 


0° 


15° 



56-G4008-001 
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44-PIN PLCC 

NOTE: 

A PIN-1 IDENTIFIER TO BE LOCATED IN ZONE INDICATED. 
2. CONTROLLING DIMENSIONS ARE IN INCHS 



CH1 



[ 
[ 
C 
[ 

Nt 
1 [ 

i 

Li 
J 



E 

E1 

r-innnnnnnnnn- 



T 



.075 MAX 



' .150, 
MAX 



! — II — I L J E — I ! — I I — 1 1 — I I — ! I — 1 I — I 



—I I— ol 




-E2- 



PKG 


44-PIN 


DIM 


MIN 


MAX 


A 


0.165 


0.180 


A1 


0.090 


0.120 


A2 


0.020 




B 


0.026 


0.033 


B1 


0.013 


0.021 


c 


0.009 


0.012 


cm 


0.042 


0.048 


D 


0.685 


0.695 


D1 


0.650 


0.656 


D2 


0.590 


0.630 


E 


0.685 


0.695 


E1 


0.650 


0.656 


E2 


0.590 


0.630 


e1 


0.050 BSC 


N 


44 





D1 










_i I 1 



A2 



KB 




—I I— B1 



56-G4003-001 



SUGGESTED PAD LAYOUT 

44 PIN PLCC 



SDQQQNQODDB 



-EE 

en 
czi 



rzzi 



rzzi 



T7" 



m 



0DDDD[]DDDDB 



CZI 

rzn 
czi 



L18044 
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Jj 



-Dl- 



SEE 
NOTE 

2. 

TffTFff 



SEE DETAIL *A 



El E 



NOTES: 

1. DIMENSIONS D1 AND E1 INCLUDE MOLD 
MISMATCH, BUT DO NOT INCLUDE MOLD 
PROTRUSION; ALLOWABLE PROTRUSION IS 
0.25 MM PER SIDE. 

2. DETAILS OF PIN 1 IDENTIFIER ARE OPTIONAL 
BUT MUST BE LOCATED WITHIN THE ZONE 
INDICATED. 

3. ALLOWABLE DAM BAR PROTRUSION IS O.OB MM 
TOTAL IN EXCESS OF THE B DIMENSION; AT 
MAXIMUM MATERIAL CONDITION. PROTRUSION 
NOT TO BE LOCATED ON LOWER RADIUS OR 
FOOT OF LEAD. 

4. CONTROLLING DIMENSIONS: MILLIMETERS. 



L_ 




• 




' I 

— B 



PKG 


44-PIN 


DIM 


MIN 


MAX 


A 




1.20 


A1 


0.05 


0.15 


A2 


0.95 


1.05 


D 


11.80 


12.20 


D1 


10.00 BSC 


E 


11.80 


12.20 


E1 


10.00 BSC 


L 


0.45 


0.75 


e 


0.80 BSC 


B 


0.30 


0.45 


C 


0.09 


0.20 



56-G40 12-001 



0' MIN. 




DETAIL A 



0.56 



J 



SUGGESTED PAD LAYOUT 
44 PIN TQFP, 10*10*1.0 



10.94 



\~— 5.47 — » 
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PRELIMINARY 



DALLAS 

SEMICONDUCTOR 



DS87C530 

EPROM Micro with Real Time Clock 



FEATURES 

• 80C52 Compatible 

- 8051 Instruction set 

- Four 8-bit I/O ports 

- Three 16-bit timer/counters 

- 256 bytes scratchpad RAM 

• Large On-chip Memory 

- 16KB EPROM (OTP) 

- 1 KB extra on-chip SRAM for MOVX 

• ROMSIZE™ Feature 

- Selects effective on-chip ROM size from 
Oto 16KB 

- Allows access to entire external memory map 

- Dynamically adjustable by software 

- Useful as boot block for external Flash 

• Nonvolatile Functions 

- On-chip Real-time clock w/ Alarm Interrupt 

- Battery backup support of 1 KB SRAM 

• High-Speed Architecture 

- 4 clocks/machine cycle (8051 = 12) 

- Runs DC to 33 MHz clock rates 

- Single-cycle instruction in 121 ns 

- Dual data pointer 

- Optional variable length MOVX to access 
fast/slow RAM /peripherals 

• Power Management Mode 

- Programmable clock source saves power 

- Runs from (crystal/64) or (crystal/1 024) 

- Provides automatic hardware and software exit 

• EMI Reduction Mode disables ALE 

• High integration controller includes: 

- Power-fail reset 

- Early-warning power-fail interrupt 

- Programmable Watchdog timer 

• Two full-duplex hardware serial ports 

• 14 total interrupt sources with 6 external 



PACKAGE OUTLINE 



nnnnnnnnnnnnn 



H 46 




20 C 



uuuuuuuuuuuuu 

21 52-PIN PLCC 33 

52-PIN CEP. QUAD 



DESCRIPTION 

The DS87C530 is an 8051 compatible microcontroller 
based on the Dallas High Speed core. It uses four clocks 
per instruction cycle instead of 1 2 used by the standard 
8051. It also provides a unique mix of peripherals not 
widely available on other processors. They include an 
on-chip real-time clock (RTC) and battery back up sup- 
port for an on-chip 1 K x 8 SRAM. The new Power Man- 
agement Mode allows software to select reduced power 
operation while still processing. 

A combination of high performance microcontroller 
core, real-time clock, battery backed SRAM, and power 
management makes the DS87C530 ideal for instru- 
ments and portable applications. It also provides sev- 
eral peripherals found on other Dallas High-Speed 
Microcontrollers. These include two independent serial 
ports, two data pointers, on-chip power monitor with 
brown-out detection and a watchdog timer. 
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DS87C530 



Power Management Mode (PMM) allows software to 
select a slower CPU clock. While default operation uses 
four clocks per machine cycle, the PMM runs the pro- 
cessor at 64 or 1 024 clocks per cycle. There is a corre- 
sponding drop in power consumption when the proces- 
sor slows. 



Note: The DS87C530 is a monolithic device. A user 
must supply an external battery or super-cap and a 
32.768 KHz timekeeping crystal to have permanently 
powered timekeeping or nonvolatile RAM. The 
DS87C530 provides all the support and switching cir- 
cuitry needed to manage these resources. 



ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


MAX. CLOCK SPEED 


TEMPERATURE RANGE 


DS87C530-QCL 


52-pin PLCC 


33 MHz 


0°C to 70°C 


DS87C530-QNL 


52-pin PLCC 


33 MHz 


-40°C to +85°C 


DS87C530-KCL 


52-pin windowed CERQUAD 


33 MHz 


0°C to 70°C 



DS87C530 BLOCK DIAGRAM Figure 1 



RTCX1 RTCX2 GND V CC2 




ACCUMULATOR 



H 




STACK POINTER 



I OSCILLATOR \ 



INTERRUPT REG. 



INSTRUCTION 
DECODE 



CLOCKS AND 
MEMORY CONTROL 



FT 



BATTERY 




CONTROL 





REALTIME 
CLOCK 



16KX8 
OTP 
ROM 



-N V ° 




2~L 



IPC ADDR. REG. 



ADDRESS BUS 



PC INCREMENT 



PROG. COUNTER 



-yA N 

-N V 



POWER CONTROL REG. WATCHDOG REG. 



WATCHDOG TIMER \ * CONTROL ■* V CC POWER MONITOR 
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PIN DESCRIPTION Table 1 



PLCC 


/~\ | » A 1 A 1 h 1 A A a ^— 

SIGNAL NAME 


DESCRIPTION 


52 


V CC 


v cc - +5V Processor power supply. 


1,25 


GND 


GND - Processor digital circuit ground. 


29 


V CC2 


Vcc2 ~ +5V Real-time clock supply. 


26 


GND2 


GND2 - Real-time clock circuit ground. 


12 


RST 


RST - Input. The RST input pin contains a Schmitt voltage input to recognize 
external active high Reset inputs. The pin also employs an internal pull-down 
resistor to allow for a combination of wired OR external Reset sources. An RC 
is not required for power-up, as the DS87C530 provides this function internally. 


23 
24 


XTAL2 
XTAL1 


XTAL1 , XTAL2 - The crystal oscillator pins XTAL1 and XTAL2 provide support 
for parallel resonant, AT cut crystals. XTAL1 acts also as an input if there is an 
external clock source in place of a crystal. XTAL2 serves as the output of the 
crystal amplifier. 


38 


PSEN 


PSEN - Output. The Program Store Enable output. This signal is commonly 
connected to optional external ROM memory as a chip enable. PSEN will pro- 
vide an active low pulse and is driven high when external ROM is not being 
accessed. 


39 


ALE 


ALE - Output. The Address Latch Enable output functions as a clock to latch 
the external address LSB from the multiplexed address/data bus on Port 0. 
This signal is commonly connected to the latch enable of an external 373 family 
transparent latch. ALE has a pulse width of 1 .5 XTAL1 cycles and a period of 
four XTAL1 cycles. ALE is forced high when the DS87C530 is in a Reset condi- 
tion. ALE can also be disabled using the EMI reduction mode. 


50 
49 
48 
47 
46 
45 
44 
43 


PO.O (ADO) 
P0.1 (AD1) 
P0.2 (AD2) 
P0.3 (AD3) 
P0.4 (AD4) 
P0.5 (AD5) 
P0.6 (AD6) 
P0.7 (AD7) 


Port (ADO-7) - I/O. Port is an open-drain 8-bit bi-directional I/O port. As 
an alternate function Port can function as the multiplexed address/data bus 
to access off-chip memory. During the time when ALE is high, the LSB of a 
memory address is presented. When ALE falls to a logic 0, the port transitions 
to a bi-directional data bus. This bus is used to read external ROM and read/ 
write external RAM memory or peripherals. When used as a memory bus, the 
port provides active high drivers. The reset condition of Port is tri-state. 
Pull-up resistors are required when using Port as an I/O port. 


3-10 


P1.0-P1.7 


Port 1 - I/O. Port 1 functions as both an 8-bit bi-directional I/O port and an 
alternate functional interface for Timer 2 I/O, new External Interrupts, and new 
Serial Port 1 . The reset condition of Port 1 is with all bits at a logic 1 . In this state, 
a weak pull-up holds the port high. This condition also serves as an input 
mode, since any external circuit that writes to the port will overcome the weak 
pull-up. When software writes a to any port pin, the DS87C530 will activate 
a strong pull-down that remains on until either a 1 is written or a reset occurs. 
Writing a 1 after the port has been at will cause a strong transition driver to 
turn on, followed by a weaker sustaining pull-up. Once the momentary strong 
driver turns off, the port again becomes the output high (and input) state. The 
alternate modes of Port 1 are outlined as follows. 
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c 
D 




P1 ^ TYH1 Qorial Pnrt 1 Out™ it 
r i.j i au i ociidi run i wuiuui 


7 




P1 .4 INT2 External Interrupt 2 (Positive Edge Detect) 


8 




P1 .5 INT3 External Interrupt 3 (Negative Edge Detect) 


9 




P1 .6 INT4 External Interrupt 4 (Positive Edge Detect) 


10 




P1 .7 INT5 External Interrupt 5 (Negative Edge Detect) 


ou 


pc> n /Anft\ 

\ £..\J \r\UO) 


Pf\rt /Aft— I/O Port 9 ic a hi Hiroptionnl \IC~\ nnrt Tho rocot ponHition 
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o I 


po 1 /Anoi 
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po o /Am n\ 
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OD 
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a strong transition driver to turn on, followed by a weaker sustaining pull— up. 


37 


P2.7 (AD15) 


Once the momentary strong driver turns off, the port again becomes both the 






output high and input state. As an alternate function Port 2 can function as MSB 






of the external address bus. This bus can be used to read external ROM and 






read/write external RAM memory or peripherals. 


H C OO 


DO A DO 7 
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alternate functional interface for External Interrupts, Serial Port 0, Timer and 
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serves as an input mode, since any external circuit that writes to the port will 
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written or a reset occurs. Writing a 1 after the port has been at will cause a 






strong transition driver to turn on, followed by a weaker sustaining pull-up. 






Once the momentary strong driver turns off, the port again becomes both the 






output high and input state. The alternate modes of Port 3 are outlined below. 






Port Alternate Mode 


1 R 
I O 




ro.u mauu oenai ron u input 


1 D 




ro.i i auu oenai rort u uutput 


1 / 




ro.<i IN 1 u external interrupt u 


lo 




ro.J in 1 1 external interrupt l 


19 




P3.4 TO Timer External Input 


20 




P3.5 T1 Timer 1 External Input 


21 




P3.6 WR External Data Memory Write Strobe 


22 




P3.7 RD External Data Memory Read Strobe 


42 


EA 


EA - Input. Connect to ground to force the DS87C530 to use an external ROM. 






The internal RAM is still accessible as determined by register settings. Connect 






EA to V C c to use internal ROM. 


51 


Vbat 


v bat - Input. Connect to the power source that maintains SRAM and RTC 






when Vqc < Vbat- May be connected to a 3V lithium battery or a super-cap. 






See the electrical specifications for details. 
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PLCC 


SIGNAL NAME 


DESCRIPTION 


27, 28 


RTCX2, RTCX1 


RTCX2, RTCX1 - Timekeeping crystal. Connect a 32.768 KHz crystal 
between RTCX2 and RTCX1 to supply the time-base for the real-time clock. 
The DS87C530 supports both 6 pF and 12.5 pF load capacitance crystals as 
selected by an SFR bit described below. To prevent noise from affecting the 
RTC, the RTCX2 and RTCX1 pin should be guard-ringed with GND2. 


2, 11, 
13, 14, 
40, 41 


NC 


NC - Reserved. These pins should not be connected. They are reserved for 
use with future devices in the family. 



COMPATIBILITY 

The DS87C530 is a fully static CMOS 8051 compatible 
microcontroller designed for high performance. While 
remaining familiar to 8051 users, it has many new fea- 
tures. In general, software written for existing 8051 
based systems works without modification on the 
DS87C530. The exception is critical timing since the 
High Speed Micro performs its instructions much faster 
than the original for any given crystal selection. The 
DS87C530 runs the standard 8051 instruction set. It is 
not pin compatible with other 8051s due to the time- 
keeping crystal. 

The DS87C530 provides three 16-bit timer/counters, 
full-duplex serial port (2), 256 bytes of direct RAM plus 
1KB of extra MOVX RAM. I/O ports have the same 
operation as a standard 8051 product. Timers will 
default to a 12 clock per cycle operation to keep their 
timing compatible with original 8051 systems. However, 
timers are individually programmable to run at the new 4 
clocks per cycle if desired. The PCA is not supported. 

The DS87C530 provides several new hardware fea- 
tures implemented by new Special Function Registers. 
A summary of these SFRs is provided below. 

PERFORMANCE OVERVIEW 

The DS87C530 features a high speed 8051 compatible 
core. Higher speed comes not just from increasing the 
clock frequency, but from a newer, more efficient 
design. 

This updated core does not have the dummy memory 
cycles that are present in a standard 8051 . A conven- 
tional 8051 generates machine cycles using the clock 
frequency divided by 12. In the DS87C530, the same 
machine cycle takes four clocks. Thus the fastest 
instruction, 1 machine cycle, executes three times 
faster for the same crystal frequency. Note that these 
are identical instructions. The majority of instructions on 



the DS87C530 will see the full 3 to 1 speed improve- 
ment. Some instructions will get between 1 .5 and 2.4 to 
1 improvement. All instructions are faster than the origi- 
nal 8051. 

The numerical average of all opcodes gives approxi- 
mately a 2.5 to 1 speed improvement. Improvement of 
individual programs will depend on the actual instruc- 
tions used. Speed sensitive applications would make 
the most use of instructions that are three times faster. 
However, the sheer number of 3 to 1 improved opcodes 
makes dramatic speed improvements likely for any 
code. These architecture improvements and 0.8 urn 
CMOS produce a peak instruction cycle in 1 21 ns (8.25 
MIPs). The Dual Data Pointer feature also allows the 
user to eliminate wasted instructions when moving 
blocks of memory. 

INSTRUCTION SET SUMMARY 

All instructions in the DS87C530 perform the same 
functions as their 8051 counterparts. Their effect on 
bits, flags, and other status functions is identical. How- 
ever, the timing of each instruction is different. This 
applies both in absolute and relative number of clocks. 

For absolute timing of real-time events, the timing of 
software loops can be calculated using a table in the 
High-Speed Microcontroller User's Guide. However, 
counter/timers default to run at the older 12 clocks per 
increment. In this way, timer-based events occur at the 
standard intervals with software executing at higher 
speed. Timers optionally can run at 4 clocks per incre- 
ment to take advantage of faster processor operation. 

The relative time of two instructions might be different in 
the new architecture than it was previously. For exam- 
ple, in the original architecture, the "MOVX A, @ DPTR" 
instruction and the "MOV direct, direcf instruction used 
two machine cycles or 24 oscillator cycles. Therefore, 
they required the same amount of time. In the 
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DS87C530, the MOVX instruction takes as little as two 
machine cycles or eight oscillator cycles but the "MOV 
direct, direct" uses three machine cycles or 1 2 oscillator 
cycles. While both are faster than their original counter- 
parts, they now have different execution times. This is 
because the DS87C530 usually uses one instruction 
cycle for each instruction byte. The user concerned with 
precise program timing should examine the timing of 



each instruction for familiarity with the changes. Note 
that a machine cycle now requires just four clocks, and 
provides one ALE pulse per cycle. Many instructions 
require only one cycle, but some require five. In the orig- 
inal architecture, all were one or two cycles except for 
MUL and DIV. Refer to the High-Speed Microcontroller 
User's Guide for details and individual instruction tim- 
ing. 



SPECIAL FUNCTION REGISTER LOCATIONS Table 2 
* Functions not present in the 80C52 are in bold 



REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


PO 


P0.7 


P0.6 


P0.5 


P0.4 


P0.3 


P0.2 


P0.1 


PO.O 


80h 


SP 


















81 h 


DPL 


















82h 


DPH 


















83h 


DPL1 


















84h 


DPH1 


















85h 


DPS 























SEL 


86h 


PCON 


SMODJ) 


SMODO 


- 


- 


GF1 


GFO 


STOP 


IDLE 


87h 


TCON 


TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


IEO 


ITO 


88h 


TMOD 


GATE 


erf 


M1 


MO 


GATE 


c/T 


M1 


MO 


89h 


TLO 


















8Ah 


TL1 


















8Bh 


THO 


















8Ch 


TH1 


















8Dh 


CKCON 


WD1 


WDO 


T2M 


T1M 


TOM 


MD2 


MD1 


MDO 


8Eh 


P1 


P1.7 


P1.6 


P1.5 


P1.4 


P1.3 


P1.2 


P1.1 


P1.0 


90h 


EXIF 


IE5 


IE4 


IE3 


IE2 


XT/RG 


RGMO 


RGSL 


BGS 


91 h 


TRIM 


E4K 


X12/6 


TRM2 


TRM2 


TRM1 


TRM1 


TRMO 


TRMO 


96h 


SCONO 


SMCVFE_0 


SM1_0 


SM2„0 


REN_0 


TB8_0 


RB8_0 


TLO 


Rl_0 


98h 


SBUFO 


















99h 


P2 


P2.7 


P2.6 


P2.5 


P2.4 


P2.3 


P2.2 


P2.1 


P2.0 


AOh 


IE 


EA 


ES1 


ET2 


ESO 


ET1 


EX1 


ETO 


EXO 


A8h 


SADDRO 


















A9h 


SADDR1 


















AAh 


P3 


P3.7 


P3.6 


P3.5 


P3.4 


P3.3 


P3.2 


P3.1 


P3.0 


BOh 


IP 




PS1 


PT2 


PSO 


PT1 


PX1 


PTO 


PXO 


B8h 


SADENO 


















B9h 
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REGISTER 


BIT 7 


BIT 6 


BIT 5 


BIT 4 


BIT 3 


BIT 2 


BIT1 


BITO 


ADDRESS 


SADEN1 


















BAh 


SC0N1 


SM(VFE_1 


SM1_1 


SM2_1 


REN_1 


TB8_1 


RB8^1 


TM 


Rl_1 


COh 


SBUF1 


















C1h 


ROMSIZE 












RMS2 


RMS1 


RMSO 


C2h 


PMR 


CD1 


CDO 


SWB 




XTOFF 


ALEOFF 


DME1 


DMEO 


C4h 


STATUS 


PIP 


HIP 


LIP 


XTUP 


SPTA1 


SPRA1 


SPTAO 


SPRAO 


C5h 


TA 


















C7h 


T2CON 


TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


C/T2 


CP/RL2 


C8h 


T2MOD 














T20E 


DCEN 


C9h 


RCAP2L 


















CAh 


RCAP2H 


















CBh 


TL2 


















CCh 


TH2 


















CDh 


PSW 


CY 


AC 


FO 


RS1 


RSO 


OV 


FL 


P 


DOh 


WDCON 


SMOD_1 


POR 


EPFI 


PFI 


WDIF 


WTRF 


EWT 


RWT 


D8h 


ACC 


















EOh 


EIE 


— 




ERTCI 


EWDI 


EX5 


EX4 


EX3 


EX2 


E8h 


B 


















FOh 


RTASS 


















F2h 


RTAS 




















F3h 


RTAM 




















F4h 


RTAH 





















F5h 


EIP 


* 




PRTCI 


PWDI 


PX5 


PX4 


PX3 


PX2 


F8h 


RTCC 


SSCE 


SCE 


MCE 


HCE 


RTCRE 


RTCWE 


RTCIF 


RTCE 


F9h 


RTCSS 


















FAh 


RTCS 




















FBh 


RTCM 




















FCh 


RTCH 


















FDh 


RTCDO 


















FEh 


RTCD1 


















FFh 
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source. These are an on-chip real-time clock and a 
nonvolatile SRAM. The chip contains all related func- 
tions and controls. The user must supply a backup 
source and a 32.768 KHz timekeeping crystal. 

REAL TIME CLOCK 

The on-chip real-time clock (RTC) keeps time of day 
and calendar functions. Its timebase is a 32.768 KHz 
crystal between pins RTCX1 and RTCX2. The RTC 
maintains time to 1/256 of a second. It also allows a user 
to read (and write) seconds, minutes, hours, day of the 
week, and date. The clock organization is shown in Fig- 
ure 2. 

Timekeeping registers allow easy access to commonly 
needed time values. For example, software can simply 
check the elapsed number of minutes by reading one 
register. Alternately, it can read the complete time of 
day, including subseconds, in only four registers. The 
calendar stores its data in binary form. While this 
requires software translation, it allows complete flexibil- 
ity as to the exact value. A user can start the calendar 
with a variety of selections since it is simply a 16-bit 
binary number of days. This number allows a total range 
of 179 years beginning from 0000. 



if enabled, even in Stop mode. The alarm consists of a 
comparator that matches the user value against the 
RTC actual value. A user can select a match for one or 
more of the sub-seconds, seconds, minutes, or hours. 
This allows an interrupt automatically to occur once per 
second, once per minute, once per hour, or once per 
day. Enabling interrupts with no match will generate an 
interrupt 256 times per second. 

Software enables the timekeeper oscillator using the 
RTC Enable bit in the RTC Control register (F9h). This 
starts the clock. It can disable the oscillator to preserve 
the life of the backup energy-source if unneeded. Val- 
ues in the RTC Control register are maintained by the 
backup source through power failure. Once enabled, 
the RTC maintains time for the life of the backup source 
even when Vcc is removed. 

The RTC will maintain an accuracy of ±2 minutes per 
month at 25°C. Under no circumstances are negative 
voltages, of any amplitude, allowed on any pin while the 
device is in data retention mode (Vcc < v bat)- Negative 
voltages will shorten battery life, possibly corrupting the 
contents of internal SRAM and the RTC. 



REAL TIME CLOCK Figure 2 
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NONVOLATILE RAM 

The 1 K x 8 on-chip SRAM can be nonvolatile. An exter- 
nal backup energy-source will maintain the SRAM con- 
tents through power failure. This allows the DS87C530 
to log data or to store configuration settings. Internal 
switching circuits will detect the loss of Vcc and switch 
SRAM power to the backup source on the V BAT pin. The 
256 bytes of direct RAM are not affected by this circuit 
and are volatile. 

CRYSTAL AND BACKUP SOURCES 

To use the unique functions of the DS87C530, two 
external components are needed. These are a 32.768 
KHz timekeeping crystal and a backup energy-source. 
The following describes guidelines for choosing these 
devices. 

Timekeeping Crystal 

The DS87C530 can use a standard 32.768 KHz crystal 
as the RTC time base. There are two versions of stan- 
dard crystals available, with 6 pF and 12.5 pF load 
capacitance. The tradeoff is that the 6 pF uses less 
power, giving longer life while Vcc is off . DUt is more sen- 
sitive to noise and board layout. The 12.5 pF crystal 
uses more power, giving a shorter battery backed life, 
but produces a more robust oscillator. Bit 6 in the RTC 



Trim register (TRIM; 96h) must be programmed to spec- 
ify the crystal type for the oscillator. When TRIM.6 = 1 , 
the circuit expects a 1 2.5 pF crystal. When TRIM.6 = 0, it 
expects a 6 pF crystal. As mentioned above, this bit will 
be nonvolatile so these choices will remain while the 
backup source is present. A guard ring (connected to 
the real-time Clock ground) should encircle the RTCX1 
and RTCX2 pins. 

Backup Energy Source 

The DS87C530 uses an external energy source to 
maintain timekeeping and SRAM data without Vcc- This 
source can be either a battery or 0.47 F super cap and 
should be connected to the Vbat P in - The nominal bat- 
tery voltage is 3V. The Vbat P' n will not source current. 
Therefore, a super cap requires an external resistor and 
diode to supply charge. 

The backup lifetime is a function of the battery capacity 
and the data retention current drain. This drain is speci- 
fied in the electrical specifications. The circuit loads the 
V B at only when Vcc nas fallen below V BA t- Thus the 
actual lifetime depends not only on the current and bat- 
tery capacity, but also on the portion of time without 
power. A very small lithium cell provides a lifetime of 
more than 10 years. 
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INTERNAL BACKUP CIRCUIT Figure 3 



i.5Kn 




V cc (SRAM AND RTC) 



IMPORTANT APPLICATION NOTE 

The pins on the DS87C530 are generally as resilient as other CMOS circuits. They have no unusual susceptibility to 
electrostatic discharge (ESD) or other electrical transients. However, no pin on the DS87C530 should ever be tak- 
en to a voltage below ground. Negative voltages on any pin can turn on internal parasitic diodes that draw current 
directly from the battery. If a device pin is connected to the "outside world" where it may be handled or come in contact 
with electrical noise, protection should be added to prevent the device pin from going below -0.3V. Some power sup- 
plies can give a small undershoot on power up, which should be prevented. Application Note 93, "Design Guidelines 
for Microcontrollers Incorporating NVRAM", discusses how to protect the DS87C530 against these conditions. 
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MEMORY RESOURCES 

Like the 8051, the DS87C530 uses three memory 
areas. These are program (ROM), data (RAM), and 
scratchpad RAM (registers). The DS87C530 contains 
on-chip quantities of all three areas. 

The total memory configuration of the DS87C530 is 
16KB of ROM, 1KB of data SRAM and 256 bytes of 
scratchpad or direct RAM. The 1KB of data space 
SRAM is read/write accessible and is memory mapped. 
This on-chip SRAM is reached by the MOVX instruc- 
tion. It is not used for executable memory. The scratch- 
pad area is 256 bytes of register mapped RAM and is 
identical to the RAM found on the 80C52. There is no 
conflict or overlap among the 256 bytes and the 1 KB as 
they use different addressing modes and separate 
instructions. 

PROGRAM MEMORY ACCESS 

On-chip ROM begins at address OOOOh and is contigu- 
ous through 3FFFh (16KB). Exceeding the maximum 
address of on-chip ROM will cause the DS87C530 to 
access off-chip memory. However, the maximum on- 
chip decoded address is selectable by software using 
the ROMSIZE™ feature. Software can cause the 
DS87C530 to behave like a device with less on-chip 
memory. This is beneficial when overlapping external 
memory, such as Flash, is used. 

The maximum memory size is dynamically variable. 
Thus a portion of memory can be removed from the 
memory map to access off-chip memory, then restored 
to access on-chip memory. In fact, all of the on-chip 
memory can be removed from the memory map allow- 
ing the full 64KB memory space to be addressed from 
off-chip memory. ROM addresses that are larger than 
the selected maximum are automatically fetched from 
outside the part via Ports and 2. A depiction of the 
ROM memory map is shown in Figure 4. 

The ROMSIZE register is used to select the maximum 
on-chip decoded address for ROM. Bits RMS2, RMS1 , 
RMSO have the following affect. 



Maximum on-chip 
RMS2 RMS1 RMSO ROM Address 



o 


o 


o 


0KB 








1 


1KB 





1 





2KB 





1 


1 


4KB 


1 








8KB 


1 





1 


16KB (default) 


1 


1 





Invalid - reserved 


1 


1 


1 


Invalid - reserved 



The reset default condition is a maximum on-chip ROM 
address of 1 6KB. Thus no action is required if this fea- 
ture is not used. When accessing external program 
memory, the first 1 6KB would be inaccessible. To select 
a smaller effective ROM size, software must alter bits 
RMS2-RMS0. Altering these bits requires a Timed 
Access procedure as explained below. 

Care should be taken so that changing the ROMSIZE 
register does not corrupt program execution. For exam- 
ple, assume that a DS87C520 is executing instructions 
from internal program memory near the 1 2KB boundary 
(~3000h) and that the ROMSIZE register is currently 
configured for a 16KB internal program space. If soft- 
ware reconfigures the ROMSIZE register to 4KB 
(OOOOh-OFFFh) in the current state, the device will 
immediately jump to external program execution 
because program code from 4KB to 16KB 
(1000h-3FFFh) is no longer located on-chip. This 
could result in code misalignment and execution of an 
invalid instruction. The recommended method is to 
modify the ROMSIZE registerfrom a location in memory 
that will be internal (or external) both before and afterthe 
operation. In the above example, the instruction which 
modifies the ROMSIZE register should be located 
below the 4KB (1 OOOh) boundary, so that it will be unaf- 
fected by the memory modification. The same precau- 
tion should be applied if the internal program memory 
size is modified while executing from external program 
memory. 

Off-chip memory is accessed using the multiplexed 
address/data bus on P0 and the MSB address on P2. 
While serving as a memory bus, these pins are not I/O 
ports. This convention follows the standard 8051 
method of expanding on-chip memory. Off-chip ROM 
access also occurs if the EA pin is a logic 0. EA over- 
rides all bit settings. The PSEN signal will go active (low) 
to serve as a chip enable or output enable when Ports 
and 2 fetch from external ROM. 
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HUM AlAtUdinDLL 

DEFAULT = 16K BYTES 



EA=1 



FFFFh 



64K 



ROM SIZE IGNORED 
EA=0 



64K 



OFF CHIP 




OOOOh 



OOOOh 



DATA MEMORY ACCESS 

Unlike many 8051 derivatives, the DS87C530 contains 
on-chip data memory. It also contains the standard 256 
bytes of RAM accessed by direct instructions. These 
areas are separate. The MOVX instruction accesses 
the on-chip data memory. Although physically on-chip, 
software treats this area as though it was located off- 
chip. The 1 KB of SRAM is between address OOOOh and 
03FFh. 

Access to the on-chip data RAM is optional under soft- 
ware control. When enabled by software, the data 
SRAM is between OOOOh and 03FFh. Any MOVX 
instruction that uses this area will go to the on-chip RAM 
while enabled. MOVX addresses greater than 03FFh 
automatically go to external memory through Ports 
and 2. 



When disabled, the 1 KB memory area is transparent to 
the system memory map. Any MOVX directed to the 
space between OOOOh and FFFFh goes to the expanded 
bus on Ports and 2. This also is the default condition. 
This default allows the DS87C530 to drop into an exist- 
ing system that uses these addresses for other hard- 
ware and still have full compatibility. 

The on-chip data area is software selectable using two 
bits in the Power Management Register at location C4h. 
This selection is dynamically programmable. Thus 
access to the on-chip area becomes transparent to 
reach off-chip devices at the same addresses. The con- 
trol bits are DME1 (PMR.1) and DMEO (PMR.O). They 
have the following operation: 



DATA MEMORY ACCESS CONTROL Table 3 



DME1 


DMEO 


DATA MEMORY ADDRESS 


MEMORY FUNCTION 








OOOOh - FFFFh 


External Data Memory 'Default condition 





1 


OOOOh - 03FFh 
0400h - FFFFh 


Internal SRAM Data Memory 
External Data Memory 


1 





Reserved 


Reserved 


1 


1 


OOOOh - 03FFh 
0400h - FFFBh 
FFFCh 
FFFDh-FFFh 


Internal SRAM Data Memory 
Reserved - no external access 
Read access to the status of lock bits 
Reserved - no external access 



Notes on the status byte read at FFFCh with DME1 ,0=1,1: Bits 2-0 reflect the programmed status of the security lock 
bits LB2-LB0. They are individually set to a logic 1 to correspond to a security lock bit that has been programmed. 
These status bits allow software to verify that the part has been locked before running if desired. The bits are read only. 
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STRETCH MEMORY CYCLE 

The DS87C530 allows software to adjust the speed of 
off-chip data memory access. The micro is capable of 
performing the MOVX in as few as two instruction 
cycles. The on-chip SRAM uses this speed and any 
MOVX instruction directed internally uses two cycles. 
However, the time can be stretched for interface to 
external devices. This allows access to both fast 
memory and slow memory or peripherals with no glue 
logic. Even in high-speed systems, it may not be neces- 
sary or desirable to perform off-chip data memory 
access at full speed. In addition, there are a variety of 
memory mapped peripherals such as LCDs or UARTs 
that are slow. 

The Stretch MOVX is controlled by the Clock Control 
Register at SFR location 8Eh as described below. It 
allows the user to select a Stretch value between zero 
and seven. A Stretch of zero will result in a two machine 
cycle MOVX. A Stretch of seven will result in a MOVX of 
nine machine cycles. Software can dynamically change 
this value depending on the particular memory or 
peripheral. 

On reset, the Stretch value will default to a one resulting 
in a three cycle MOVX for any external access. There- 












2 (forced internal) 








1 


3 (default external) 





1 





4 





1 


1 


5 


1 








6 


1 





1 


7 


1 


1 





8 


1 


1 


1 


9 



DUAL DATA POINTER 

The timing of block moves of data memory is faster 
using the DS87C530 Dual Data Pointer (DPTR). The 
standard 8051 DPTR is a 1 6-bit value that is used to 
address off-chip data RAM or peripherals. In the 
DS87C530, the standard data pointer is called DPTR, 
located at SFR addresses 82h and 83h. These are the 
standard locations. Using DPTR requires no modifica- 
tion of standard code. The new DPTR at SFR 84h and 
85h is called DPTR1. The DPTR Select bit (DPS) 
chooses the active pointer. Its location is the Isb of the 
SFR location 86h. No other bits in register 86h have any 



fore, off-chip RAM access is not at full speed. This is a 
convenience to existing designs that may not have fast 
RAM in place. Internal SRAM access is always at full 
speed regardless of the Stretch setting. When desiring 
maximum speed, software should select a Stretch value 
of zero. When using very slow RAM or peripherals, 
select a larger Stretch value. Note that this affects data 
memory only and the only way to slow program memory 
(ROM) access is to use a slower crystal. 

Using a Stretch value between one and seven causes 
the microcontroller to stretch the read/write strobe and 
all related timing. Also, setup and hold times are 
increased by 1 clock when using any Stretch greater 
than 0. This results in a wider read/write strobe and 
relaxed interface timing, allowing more time for 
memory/peripherals to respond. The timing of the vari- 
able speed MOVX is in the Electrical Specifications. 
Table 4 shows the resulting strobe widths for each 
Stretch value. The memory Stretch uses the Clock Con- 
trol Special Function Register at SFR location 8Eh. The 
Stretch value is selected using bits CKCON.2-0. In the 
table, these bits are referred to as M2 through MO. The 
first Stretch (default) allows the use of common 1 20 ns 
RAMs without dramatically lengthening the memory 
access. 



STROBE WIDTH TIME 
@ 33 MHz 



2 60 ns 

4 121 ns 

8 242 ns 

12 364 ns 

16 485 ns 

20 606 ns 

24 727 ns 

28 848 ns 



effect and are 0. The user switches between data point- 
ers by toggling the Isb of register 86h. The increment 
(INC) instruction is the fastest way to accomplish this. 
All DPTR-related instructions use the currently 
selected DPTR for any activity. Therefore it takes only 
one instruction to switch from a source to a destination 
address. Using the Dual Data Pointer saves code from 
needing to save source and destination addresses 
when doing a block move. The software simply switches 
between DPTR and 1 once software loads them. The 
relevant register locations are as follows. 



DATA MEMORY CYCLE STRETCH VALUES Table 4 

CKCON.2-0 RDORWR STROBE 

M2 M1 M0 MEMORY CYCLES WIDTH IN CLOCKS 
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DPL 


82h 


Low byte original DPTR 


DPH 


83h 


High byte original DPTR 


DPL1 


84h 


Low byte new DPTR 


DPH1 


85h 


High byte new DPTR 


DPS 


86h 


DPTR Select (Isb) 



POWER MANAGEMENT 

Along with the standard Idle and power down (Stop) 
modes of the standard 80C52, the DS87C530 provides 
a new Power Management Mode. This mode allows the 
processor to continue functioning, yet to save power 
compared with full operation. The DS87C530 also fea- 
tures several enhancements to Stop mode that make it 
more useful. 

POWER MANAGEMENT MODE (PMM) 

Power Management Mode offers a complete scheme of 
reduced internal clock speeds that allow the CPU to run 
software but to use substantially less power. During 
default operation, the DS87C530 uses four clocks per 
machine cycle. Thus the instruction cycle rate is 
(Clock/4). At 33 MHz crystal speed, the instruction cycle 
speed is 8.25 MHz (33/4). In PMM, the microcontroller 



continues to operate but uses an internally divided ver- 
sion of the clock source. This creates a lower power 
state without external components. It offers a choice of 
two reduced instruction cycle speeds (and two clock 
sources - discussed below). The speeds are (Clock/64) 
and (Clock/1024). 

Software is the only mechanism to invoke the PMM. 
Table 5 illustrates the instruction cycle rate in PMM for 
several common crystal frequencies. Since power con- 
sumption is a direct function of operating speed, PMM 1 
eliminates most of the power consumption while still 
allowing a reasonable speed of processing. PMM 2 runs 
very slowly and provides the lowest power consumption 
without stopping the CPU. This is illustrated in Table 6. 

Note that PMM provides a lower power condition than 
Idle mode. This is because in Idle, all clocked functions 
such as timers run at a rate of crystal divided by 4. Since 
wake-up from PMM is as fast as or faster than from Idle 
and PMM allows the CPU to operate (even if doing 
NOPs), there is little reason to use Idle mode in new 
designs. 



INSTRUCTION CYCLE RATE Table 5 



CRYSTAL SPEED 


FULL OPERATION 
(4 CLOCKS) 


PMM 1 

(64 CLOCKS) 


PMM 2 
(1024 CLOCKS) 


1.8432 MHz 


460.8 KHz 


28.8 KHz 


1.8 KHz 


11.0592 MHz 


2.765 MHz 


172.8 KHz 


10.8 KHz 


22 MHz 


5.53 MHz 


345.6 KHz 


21.6 KHz 


25 MHz 


6.25 MHz 


390.6 KHz 


24.4 KHz 


33 MHz 


8.25 MHz 


515.6 KHz 


32.2 KHz 



OPERATING CURRENT ESTIMATES IN PMM Table 6 



CRYSTAL SPEED 


FULL OPERATION 
(4 CLOCKS) 


PMM 1 

(64 CLOCKS) 


PMM 2 
(1024 CLOCKS) 


1 .8432 MHz 


3.1 mA 


1.2 mA 


1.0 mA 


3.57 MHz 


5.3 mA 


1.6 mA 


1.1 mA 


11.0592 MHz 


15.5 mA 


4.8 mA 


4.0 mA 


16 MHz 


21 mA 


7.1 mA 


6.0 mA 


22 MHz 


25.5 mA 


8.3 mA 


6.5 mA 


25 MHz 


31 mA 


9.7 mA 


8.0 mA 


33 MHz 


36 mA 


12.0 mA 


10.0 mA 
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CRYSTALESS PMM 

A major component of power consumption in PMM is 
the crystal amplifier circuit. The DS87C530 allows the 
user to switch CPU operation to an internal ring oscilla- 
tor and turn off the crystal amplifier. The CPU would then 
have a clock source of approximately 2-4 MHz, divided 
by either 4, 64, or 1 024. The ring is not accurate, so soft- 
ware can not perform precision timing. However, this 
mode allows an additional saving of between 0.5 and 
6.0 mA depending on the actual crystal frequency. 
While this saving is of little use when running at 4 clocks 
per instruction cycle, it makes a major contribution when 
running in PMM1 or PMM2. 

PMM OPERATION 

Software invokes the PMM by setting the appropriate 
bits in the SFR area. The basic choices are divider 
speed and clock source. There are three speeds (4, 64, 
and 1 024) and two clock sources (crystal, ring). Both the 
decisions and the controls are separate. Software will 
typically select the clock speed first. Then, it will perform 
the switch to ring operation if desired. Lastly, software 
can disable the crystal amplifier if desired. 

There are two ways of exiting PMM. Software can 
remove the condition by reversing the procedure that 
invoked PMM or hardware can (optionally) remove it. To 
resume operation at a divide by 4 rate under software 
control, simply select 4 clocks per cycle, then crystal 
based operation if relevant. When disabling the crystal 
as the time base in favor of the ring oscillator, there are 
timing restrictions associated with restarting the crystal 
operation. Details are described below. 

There are three registers containing bits that are con- 
cerned with PMM functions. They are Power Manage- 
ment Register (PMR; C4h), Status (STATUS; C5h), and 
External Interrupt Flag (EXIF; 91 h) 

Clock Divider 

Software can select the instruction cycle rate by select- 
ing bits CD1 (PMR. 7) and CDO (PMR. 6) as follows: 

CD1 CDO Cycle rate 

Reserved 

1 4 clocks (default) 

1 64 clocks 

1 1 1024 clocks 



The selection of instruction cycle rate will take effect 
after a delay of one instruction cycle. Note that the clock 
divider choice applies to all functions including timers. 
Since baud rates are altered, it will be difficult to conduct 
serial communication while in PMM. There are minor 
restrictions on accessing the clock selection bits. The 
processor must be running in a 4 clock state to select 
either 64 (PMM1) or 1024 (PMM2) clocks. This means 
software cannot go directly from PMM 1 to PMM2 or visa 
versa. It must return to a 4 clock rate first. 

Switchback 

To return to a 4 clock rate from PMM, software can sim- 
ply select the CD1 and CDO clock control bits to the 4 
clocks per cycle state. However, the DS87C530 pro- 
vides several hardware alternatives for automatic 
Switchback. If Switchback is enabled, then the 
DS87C530 will automatically return to a 4 clock per 
cycle speed when an interrupt occurs from an enabled, 
valid external interrupt source. A Switchback will also 
occur when a UART detects the beginning of a serial 
start bit if the serial receiver is enabled (REN=1). Note 
the beginning of a start bit does not generate an inter- 
rupt; this occurs on reception of a complete serial word. 
The automatic Switchback on detection of a start bit 
allows hardware to correct baud rates in time for a 
proper serial reception. A switchback will also occur 
when a byte is written to the SBUFO or SBUF1 for trans- 
mission. 

Switchback is enabled by setting the SWB bit (PMR. 5) 
to a 1 in software. For an external interrupt, Switchback 
will occur only if the interrupt source could really gener- 
ate the interrupt. For example, if INTO is enabled but has 
a low priority setting, then Switchback will not occur on 
INTO if the CPU is servicing a high priority interrupt. 

Status 

Information in the Status register assists decisions 
about switching into PMM. This register contains 
information about the level of active interrupts and the 
activity on the serial ports. 

The DS87C530 supports three levels of interrupt prior- 
ity. These levels are Power-fail, High, and Low. Bits 
STATUS. 7-5 indicate the service status of each level. If 
PIP (Power-fail Interrupt Priority; STATUS. 7) is a 1, 
then the processor is servicing this level. If either HIP 
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(High Interrupt Priority; STATUS.6) or LIP (Low Interrupt 
Priority; STATUS. 5) is high, then the corresponding 
level is in service. 

Software should not rely on a lower priority level inter- 
rupt source to remove PMM (Switchback) when a 
higher level is in service. Check the current priority ser- 
vice level before entering PMM. If the current service 
level locks out a desired Switchback source, then it 
would be advisable to wait until this condition clears 
before entering PMM. 

Alternately, software can prevent an undesired exit from 
PMM by entering a low priority interrupt service level 
before entering PMM. This will prevent other low priority 
interrupts from causing a Switchback. 

Status also contains information about the state of the 
serial ports. Serial Port Zero Receive Activity (SPRAO; 
STATUS. 0) indicates a serial word is being received on 
Serial Port when this bit is set to a 1 . Serial Port Zero 
Transmit Activity (SPTAO; STATUS. 1) indicates that the 
serial port is still shifting out a serial transmission. STA- 
TUS. 2 and STATUS.3 provide the same information for 
Serial Port 1, respectively. These bits should be 
interrogated before entering PMM1 or PMM2 to ensure 
that no serial port operations are in progress. Changing 
the clock divisor rate during a serial transmission or 
reception will corrupt the operation. 

Crystal/Ring Operation 

The DS87C530 allows software to choose the clock 
source as an independent selection from the instruction 
cycle rate. The user can select crystal-based or ring 
oscillator-based operation under software control. 
Power-on reset default is the crystal (or external clock) 
source. The ring may save power depending on the 
actual crystal speed. To save still more power, software 
can then disable the crystal amplifier. This process 
requires two steps. Reversing the process also requires 
two steps. 

The XT/RG bit (EXIF.3) selects the crystal or ring as the 
clock source. Setting XT/RG = 1 selects the crystal. Set- 



ting XT/RG = selects the ring. The RGMD (EXIF.2) bit 
serves as a status bit by indicating the active clock 
source. RGMD = indicates the CPU is running from 
the crystal. RGMD = 1 indicates it is running from the 
ring. When operating from the ring, disable the crystal 
amplifier by setting the XTOFF bit (PMR.3) to a 1 . This 
can only be done when XT/RG = 0. 

When changing the clock source, the selection will take 
effect after a one instruction cycle delay. This applies to 
changes from crystal to ring and vise versa. However, 
this assumes that the crystal amplifier is running. In 
most cases, when the ring is active, software previously 
disabled the crystal to save power. If ring operation is 
being used and the system must switch to crystal opera- 
tion, the crystal must first be enabled. Set the XTOFF bit 
to a 0. At this time, the crystal oscillation will begin. The 
DS87C530 then provides a warm-up delay to make cer- 
tain that the frequency is stable. Hardware will set the 
XTUP bit (STATUS.4) to a 1 when the crystal is ready for 
use. Then software should write XT/RG to a 1 to begin 
operating from the crystal. Hardware prevents writing 
XT/RG to a 1 before XTUP = 1. The delay between 
XTOFF = and XTUP = 1 will be 65,536 crystal clocks in 
addition to the crystal cycle startup time. 

Switchback has no effect on the clock source. If soft- 
ware selects a reduced clock divider and enables the 
ring, a Switchback will only restore the divider speed. 
The ring will remain as the time base until altered by soft- 
ware. If there is serial activity, Switchback usually 
occurs with enough time to create proper baud rates. 
This is not true if the crystal is off and the CPU is running 
from the ring. If sending a serial character that wakes 
the system from crystaless PMM, then it should be a 
dummy character of no importance with a subsequent 
delay for crystal startup. 

The following table is a summary of the bits relating to 
PMM and its operation. The flow chart below illustrates 
a typical decision set associated with PMM. 
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PMM CONTROL AND STATUS BIT SUMMARY Table 7 



BIT NAME 


LOCATION 


FUNCTION 


RESET 


WRITE ACCESS 


XT/RG 


EXIF.3 


Control. XT/RG=1, runs from crystal or 
external clock; XT/RG=0, runs from 
internal ring oscillator. 


X 


to 1 only when XTUP=1 
and XTOFF=0 


RGMD 


EXIF.2 


Status. RGMD=1 , CPU clock = ring; 
RGMD=0, CPU clock = crystal. 





None 


CD1.CD0 


PMR.7, 
PMR.6 


Control. CD1 ,0=01 , 4 clocks; 
CS1,0=10, PMM1; CD1,0=11, PMM2. 


0, 1 


Write CD1 ,0=10 or 11 only 
from CD1,0=01 


SWB 


PMR.5 


Control. SWB=1 , hardware invokes 
switchback to 4 clocks, SWB=0, no 
hardware switchback. 





Unrestricted 


XTOFF 


PMR.3 


Control. Disables crystal operation after 
ring is selected. 





1 only when XT/RG=0 


PIP 


STATUS.7 


Status. 1 indicates a power-fail interrupt 
in service. 





None 


HIP 


STATUS.6 


Status. 1 indicates high priority interrupt 

III bcl VlCtr. 





None 


LIP 


STATUS.5 


Status. 1 indicates low priority interrupt 

II 1 acl vltc. 





None 


XTUP 


STATUS.4 


Status. 1 indicates that the crystal has 

ct3hili7AH 

OlCXUIll£BU< 


1 


None 


SPTA1 


STATUS. 3 


Status. Serial transmission on serial port 1 . 





None 


SPRA1 


STATUS.2 


Status. Serial word reception on serial 
port 1. 





None 


SPTAO 


STATUS. 1 


Status. Serial transmission on serial port 
0. 





None 


SPRAO 


STATUS.O 


Status. Serial word reception on serial 
port 0. 





None 
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INVOKING AND CLEARING PMM Figure 3 
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IDLE MODE 

Setting the Isb of the Power Control register (PCON; 87h) 
invokes the Idle mode. Idle will leave internal clocks, 
serial ports and timers running. Power consumption 
drops because the CPU is not active. Since clocks are 
running, the Idle power consumption is a function of crys- 
tal frequency. It should be approximately 1 12 of the opera- 
tional power at a given frequency. The CPU can exit the 
Idle state with any interrupt or a reset. Idle is available for 
backward software compatibility. The system can now 
reduce power consumption to below Idle levels by using 
PMM1 or PMM2 and running NOPs. 

STOP MODE ENHANCEMENTS 

Setting bit 1 of the Power Control register (PCON; 87h) 
invokes the Stop mode. Stop mode is the lowest power 
state since it turns off all internal clocking. The Ice of a 
standard Stop mode is approximately 1 |xA but is speci- 
fied in the Electrical Specifications. The CPU will exit 
Stop mode from an external interrupt or a reset condi- 
tion. Internally generated interrupts (timer, serial port, 
watchdog) are not useful since they require clocking 
activity. One exception is that a real-time clock interrupt 
can cause the device to exit Stop mode. This provides a 
very power efficient way of performing infrequent yet 
periodic tasks. 

The DS87C530 provides two enhancements to the Stop 
mode. As documented below, the DS87C530 provides 
a band-gap reference to determine Power-fail Interrupt 
and Reset thresholds. The default state is that the 
band-gap reference is off while in Stop mode. This 
allows the extremely low power state mentioned above. 
A user can optionally choose to have the band-gap 
enabled during Stop mode. With the band-gap refer- 
ence enabled, PFI and Power-fail reset are functional 
and are a valid means for leaving Stop mode. This 
allows software to detect and compensate for a brown- 
out or power supply sag, even when in Stop mode. 

In Stop mode with the band-gap enabled, Ice will be 
approximately 50 uA compared with 1 uA with the 
band-gap off. If a user does not require a Power-fail 
Reset or Interrupt while in Stop mode, the band-gap 
can remain disabled. Only the most power sensitive 
applications should turn off the band-gap, as this 
results in an uncontrolled power down condition. 

The control of the band-gap reference is located in the 
Extended Interrupt Flag register (EXIF; 91 h). Setting 
BGS (EXIF.O) to a 1 will keep the band-gap reference 



enabled during Stop mode. The default or reset condi- 
tion is with the bit at a logic 0. This results in the band- 
gap being off during Stop mode. Note that this bit has no 
control of the reference during full power, PMM, or Idle 
modes. 

The second feature allows an additional power saving 
option while also making Stop easier to use. This is the 
ability to start instantly when exiting Stop mode. It is the 
internal ring oscillator that provides this feature. This 
ring can be a clock source when exiting Stop mode in 
response to an interrupt. The benefit of the ring oscilla- 
tor is as follows. 

Using Stop mode turns off the crystal oscillator and all 
internal clocks to save power. This requires that the 
oscillator be restarted when exiting Stop mode. Actual 
start-up time is crystal dependent, but is normally at 
least 4 ms. A common recommendation is 10 ms. In an 
application that will wake-up, perform a short operation, 
then return to sleep, the crystal start-up can be longer 
than the real transaction. However, the ring oscillator 
will start instantly. Running from the ring, the user can 
perform a simple operation and return to sleep before 
the crystal has even started. If a user selects the ring to 
provide the start-up clock and the processor remains 
running, hardware will automatically switch to the crys- 
tal once a power-on reset interval (65536 clocks) has 
expired. Hardware uses this value to assure proper 
crystal start even though power is not being cycled. 

The ring oscillator runs at approximately 2-4 MHz but 
will not be a precise value. Do not conduct real-time 
precision operations (including serial communication) 
during this ring period. Figure 4 shows how the opera- 
tion would compare when using the ring, and when 
starting up normally. The default state is to exit Stop 
mode without using the ring oscillator. 

The RGSL - Ring Select bit at EXIF.1 (EXIF; 91 h) con- 
trols this function. When RGSL = 1 , the CPU will use the 
ring oscillator to exit Stop mode quickly. As mentioned 
above, the processor will automatically switch from the 
ring to the crystal after a delay of 65,536 crystal clocks. 
For a 3.57 MHz crystal, this is approximately 1 8 ms. The 
processor sets a flag called RGMD- Ring Mode, 
located at EXIF.2, that tells software that the ring is 
being used. The bit will be a logic 1 when the ring is in 
use. Attempt no serial communication or precision tim- 
ing while this bit is set, since the operating frequency is 
not precise. 
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Note: Diagram assumes that the operation following Stop requires less than 18 ms to complete. 



EMI REDUCTION 

The DS87C530 allows software to reduce EMI. One of 
the major contributors to radiated noise in an 8051 
based system is the toggling of ALE. The DS87C530 
allows software to disable ALE when not used by setting 
the ALEOFF (PMR.2) bit to a 1. When ALEOFF = 1, 
ALE will still toggle during an off-chip MOVX. However, 
ALE will remain in a static when performing on-chip 
memory access. The default state of ALEOFF = so 
ALE toggles with every instruction cycle. 



below, and more details are available in the High- 
Speed Microcontroller User's Guide. 

SERIAL PORTS 

The DS87C530 provides a serial port (UART) that is 
identical to the 80C52. In addition it includes a second 
hardware serial port that is a full duplicate of the stan- 
dard one. This port optionally uses pins P1.2 (RXD1) 
and P1.3 (TXD1). It has duplicate control functions 
included in new SFR locations. 



PERIPHERAL OVERVIEW 

The DS87C530 provides several of the most commonly 
needed peripheral functions in microcomputer-based 
systems. These new functions include a second serial 
port, Power-fail Reset, Power-fail Interrupt, and a pro- 
grammable Watchdog Timer. These are described 



Both ports can operate simultaneously but can be at dif- 
ferent baud rates or even in different modes. The second 
serial port has similar control registers (SCON1; COh, 
SBUF1 ; C1 h) to the original. The new serial port can only 
use Timer 1 for timer generated baud rates. 
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TIMER RATE CONTROL 

There is one important difference between the 
DS87C530 and 8051 regarding timers. The original 
8051 used 12 clocks per cycle for timers as well as for 
machine cycles. The DS87C530 architecture normally 
uses 4 clocks per machine cycle. However, in the area 
of timers and serial ports, the DS87C530 will default to 
12 clocks per cycle on reset. This allows existing code 
with real-time dependencies such as baud rates to 
operate properly. 

If an application needs higher speed timers or serial 
baud rates, the user can select individual timers to run at 
the 4 clock rate. The Clock Control register (CKCON; 
8Eh) determines these timer speeds. When the relevant 
CKCON bit is a logic 1 , the DS87C530 uses 4 clocks per 
cycle to generate timer speeds. When the bit is a 0, the 
DS87C530 uses 12 clocks for timer speeds. The reset 
condition is a 0. CKCON.5 selects the speed of Timer 2. 
CKCON.4 selects Timer 1 and CKCON.3 selects Timer 
0. Unless a user desires very fast timing, it is unneces- 
sary to alter these bits. Note that the timer controls are 
independent. 

POWER FAIL RESET 

The DS87C530 uses a precision band-gap voltage ref- 
erence to decide if Vcc is out of tolerance. While power- 
ing up, the internal monitor circuit maintains a reset 
state until V C c rises above the V RST level. Once above 
this level, the monitor enables the crystal oscillator and 
counts 65536 clocks. It then exits the reset state. This 
power-on reset (POR) interval allows time for the oscil- 
lator to stabilize. 

A system needs no external components to generate a 
power-related reset. Anytime Vcc drops below Vrst, 
as in power-failure ora power drop, the monitor will gen- 
erate and hold a reset. It occurs automatically, needing 
no action from the software. Refer to the Electrical 
Specifications for the exact value of V RST . 

POWER FAIL INTERRUPT 

The voltage reference that sets a precise reset thresh- 
old also generates an optional early warning Power-fail 
Interrupt (PFI). When enabled by software, the proces- 
sor will vector to program memory address 0033h if Vcc 
drops below V PFW . PFI has the highest priority. The PFI 
enable is in the Watchdog Control SFR (WDCON - 



D8h). Setting WDCON.5 to a logic 1 will enable the PFI. 
Application software can also read the PFI flag at 
WDCON.4. A PFI condition sets this bit to a 1 . The flag is 
independent of the interrupt enable and software must 
manually clear it. If the PFI is enabled and the band-gap 
select bit (BGS) is set, a PFI will bring the device out of 
Stop mode. 

WATCHDOG TIMER 

To prevent software from losing control, the DS87C530 
includes a programmable Watchdog Timer. The Watch- 
dog is a free running timer that sets a flag if allowed to 
reach a preselected time-out. It can be (re)started by 
software. 

A typical application is to select the flag as a reset 
source. When the Watchdog times out, it sets its flag 
which generates reset. Software must restart the timer 
before it reaches its time-out or the processor is reset. 

Software can select one of four time-out values. Then, it 
restarts the timer and enables the reset function. After 
enabling the reset function, software must then restart 
the timer before its expiration or hardware will reset the 
CPU. Both the Watchdog Reset Enable and the Watch- 
dog Restart control bits are protected by a 'Timed 
Access" circuit. This prevents errant software from acci- 
dentally clearing the Watchdog. Time-out values are 
precise since they are a function of the crystal frequency 
as shown below in Table 8. For reference, the time peri- 
ods at 33 MHz also are shown. 

The Watchdog also provides a useful option for systems 
that do not require a reset circuit. It will set an interrupt 
flag 512 clocks before setting the reset flag. Software 
can optionally enable this interrupt source. The interrupt 
is independent of the reset. A common use of the inter- 
rupt is during debug, to show developers where the 
Watchdog times out. This indicates where the Watch- 
dog must be restarted by software. The interrupt also 
can serve as a convenient time-base generator or can 
wake-up the processor from power saving modes. 

The Watchdog function is controlled by the Clock Con- 
trol (CKCON - 8Eh), Watchdog Control (WDCON - 
D8h), and Extended Interrupt Enable (EIE - E8h) SFRs. 
CKCON. 7 and CKCON. 6 are WD1 and WD0 respec- 
tively and they select the Watchdog time-out period as 
shown in Table 8. 
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WATCHDOG TIME-OUT VALUES Table 8 



WD1 


WDO 


INTERRUPT 
TIME-OUT 


TIME (33 MHz) 


RESET TIME-OUT 


TIME (33 MHz) 








2 17 clocks 


3.9718 ms 


2 17 + 512 clocks 


3.9874 ms 





1 


2 20 clocks 


31.77 ms 


2 20 + 512 clocks 


31.79 ms 


1 





2 23 clocks 


254.20 ms 


2 23 + 512 clocks 


254.21 ms 


1 


1 


2 26 clocks 


2033.60 ms 


2 26 + 512 clocks 


2033.62 ms 



As shown above, the Watchdog Timer uses the crystal 
frequency as a time base. A user selects one of four 
counter values to determine the time-out. These clock 
counter lengths are 2 17 = 131,072 clocks; 2 20 = 
1,048,576; 2 23 = 8,388,608 clocks; and 2 26 = 
67,108,864 clocks. The times shown in Table 8 above 
are with a 33 MHz crystal frequency. Once the counter 
chain has completed a full interrupt count, hardware will 
set an interrupt flag. Regardless of whether the user 
enables this interrupt, there are then 512 clocks left until 
the reset flag is set. Software can enable the interrupt 
and reset individually. Note that the Watchdog is a free 
running timer and does not require an enable. 

There are five control bits in special function registers 
that affect the Watchdog Timer and two status flags that 
report to the user. WDIF (WDCON.3) is the interrupt flag 
that is set at timer termination when there are 51 2 clocks 
remaining until the reset flag is set. WTRF (WDCON.2) 
is the flag that is set when the timer has completely 
timed out. This flag is normally associated with a CPU 
reset and allows software to determine the reset source. 



EWT (WDCON. 1 ) is the enable for the Watchdog timer 
reset function. RWT (WDCON.0) is the bit that software 
uses to restart the Watchdog Timer. Setting this bit 
restarts the timer for another full interval. Application 
software must set this bit before the time-out. Both of 
these bits are protected by Timed Access discussed 
below. As mentioned previously, WD1 and (CKCON .7 
and 6) select the time-out. Finally, the user can enable 
the Watchdog Interrupt using EWDI (EIE.4). The Spe- 
cial Function Register map is shown above. 

INTERRUPTS 

The DS87C530 provides 1 4 interrupt sources with three 
priority levels. The Power-fail Interrupt (PFI) has the 
highest priority. Software can assign high or low priority 
to other sources. All interrupts that are new to the 8051 
family, except for the PFI, have a lower natural priority 
than the originals. 



INTERRUPT SOURCES AND PRIORITIES Table 9 



NAME 


DESCRIPTION 


VECTOR 


NATURAL 
PRIORITY 


8051/DALLAS 


PFI 


Power Fail Interrupt 


33h 


1 


DALLAS 


INTO 


External Interrupt 


03h 


2 


8051 


TF0 


Timer 


OBh 


3 


8051 


INTT 


External Interrupt 1 


13h 


4 


8051 


TF1 


Timer 1 


1Bh 


5 


8051 


SCON0 


TI0 or RIO from serial port 


23h 


6 


8051 


TF2 


Timer 2 


2Bh 


7 


8051 


SCON1 


TI1 or RI1 from serial port 1 


3Bh 


8 


DALLAS 


INT2 


External Interrupt 2 


43h 


9 


DALLAS 


INT3 


External Interrupt3 


4Bh 


10 


DALLAS 


INT4 


External Interrupt 4 


53h 


11 


DALLAS 


INT5 


External Interrupt 5 


5Bh 


12 


DALLAS 


WDTI 


Watchdog Time-Out Interrupt 


63h 


13 


DALLAS 


RTCI 


Real-Time clock Interrupt 


6Bh 


14 


DALLAS 
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TIMED ACCESS PROTECTION 

It is useful to protect certain SFR bits from an accidental 
write operation. The Timed Access procedure stops an 
errant CPU from accidentally changing these bits. It 
requires that the following instructions precede a write 
of a protected bit. 

MOV 0C7h, #0AAh 

MOV 0C7h, #55h 

Writing an AAh then a 55h to the Timed Access register 
(location C7h) opens a 3 cycle window for write access. 
The window allows software to modify a protected bit(s). 
If these instructions do not immediately precede the 
write operation, then the write will not take effect. The 
protected bits are: 



EXIF.O 


BGS 


Band-gap Select 


WDCON.6 


POR 


Power-on Reset flag 


WDCON.1 


EWT 


Enable Watchdog Reset 


WDCON.O 


RWT 


Restart Watchdog 


WDCON.3 


WDIF 


Watchdog Interrupt Flag 


ROMSIZE.2 


RMS2 


ROM size select 2 


ROMSIZE.1 


RMS1 


ROM size select 1 


ROMSIZE.O 


RMSO 


ROM size select 


TRIM.7-0 




All RTC trim functions 


RTCC.2 


RTCWE 


RTC Write Enable 


RTCC.O 


RTCE 


RTC Oscillator Enable 



EPROM PROGRAMMING 

The DS87C530 follows standards for a 16K byte 
EPROM version in the 8051 family. It is available in a UV 
erasable, ceramic windowed package and in plastic 
packages for one-time user-programmable versions. 
The part has unique signature information so program- 
mers can support its specific EPROM options. 

PROGRAMMING PROCEDURE 

The DS87C530 should run from a clock speed between 
4 and 6 MHz when programmed. The programming fix- 
ture should apply address information for each byte to 
the address lines and the data value to the data lines. 
The control signals must be manipulated as shown in 
Table 1 0. The diagram in Figure 5 shows the expected 
electrical connection for programming. Note that the 
programmer must apply addresses in demultiplexed 
fashion to Ports 1 and 2 with data on Port 0. Waveforms 
and timing are provided in the Electrical Specifications. 
Program the DS87C530 as follows: 



7. Apply the address value, 

8. Apply the data value, 

9. Select the programming option from Table 1 using 
the control signals, 

10. Increase the voltage on V PP from 5V to 12.75V if 
writing to the EPROM, 

11 . Pulse the PROG signal five times for EPROM array 
and 25 times for encryption table, lock bits, and other 
EPROM bits, 

12. Repeat as many times as necessary. 
SECURITY OPTIONS 

The DS87C530 employs a standard three-level lock 
that restricts viewing of the EPROM contents. A 
64-byte Encryption Array allows the authorized user to 
verify memory by presenting the data in encrypted form. 

Lock Bits 

The security lock consists of three lock bits. These bits 
select a total of 4 levels of security. Higher levels provide 
increasing security but also limit application flexibility. 
Table 1 1 shows the security settings. Note that the pro- 
grammer cannot directly read the state of the security 
lock. User software has access to this information as 
described in the Memory section. 

Encryption Array 

The Encryption Array allows an authorized user to verify 
EPROM without allowing the true memory to be 
dumped. During a verify, each byte is Exclusive NORed 
(XNOR) with a byte in the Encryption Array. This results 
in a true representation of the EPROM while the Encryp- 
tion is unprogrammed (FFh). Once the Encryption Array 
is programmed in a non-FFh state, the verify value will 
be encrypted. 

For encryption to be effective, the Encryption Array 
must be unknown to the party that is trying to verify 
memory. The entire EPROM also should be a non-FFh 
state or the Encryption Array can be discovered. 

The Encryption Array is programmed as shown in Table 
10. Note that the programmer can not read the array. 
Also note that the verify operation always uses the 
Encryption Array. The array has no impact while FFh. 
Simply programming the array to a non-FFh state will 
cause the encryption to function. 
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OTHER EPROM OPTIONS 

The DS87C530 has user selectable options that must 
be set before beginning software execution. These 
options use EPROM bits rather than SFRs. 

Program the EPROM selectable options as shown in 
Table 1 0. The Option Register sets or reads these selec- 
tions. The bits in the Option Control Register have the 
following function: 

Bit 7 -4 Reserved, program to a 1 . 



SIGNATURE 

The Signature bytes identify the product and program- 
ming revision to EPROM programmers. This informa- 
tion is at programming addresses 30h, 31 h, and 60h. 
This information is as follows:: 

Address Value Meaning 

30h DAh Manufacturer 

31 h 30h Model 

60h 01 h Extension 



Bit 3 Watchdog POR default. Set=1 ; Watchdog reset 
function is disabled on power-up. Set=0; Watchdog 
reset function is enabled automatically. 

Bit 2-0 Reserved. Program to a 1 . 



EPROM PROGRAMMING MODES Table 10 



MODE 


RST 


PSEN 


ALE/PROG 


EA/VPP 


P2.6 


P2.7 


P3.3 


P3.6 


P3.7 


Program Code Data 


H 


L 


PL 


12.75V 


L 


H 


H 


H 


H 


Verify Code Data 


H 


L 


H 


H 


L 


L 


L 


H 


H 


Program Encryption Array 
Address 0-3Fh 


H 


L 


PL 


12.75V 


L 


H 


H 


L 


H 


Program Lock Bits 


LB1 


H 


L 


PL 


12.75V 


H 


H 


H 


H 


H 




LB2 


H 


L 


PL 


12.75V 


H 


H 


H 


L 


L 




LB3 


H 


L 


PL 


12.75V 


H 


L 


H 


H 


L 


Program Option Register 
Address FCh 


H 


L 


PL 


12.75V 


L 


H 


H 


L 


L 


Read Signature or Option 
Registers 30, 31 , 60, FCh 


H 


L 


H 


H 


L 


L 


L 


L 


L 



* PL indicates pulse to a logic low. 



EPROM LOCK BITS Table 11 



LEVEL 


LOCK BITS 


PROTECTION 




LB1 


LB2 


LB3 




1 


U 


U 


U 


No program lock. Encrypted verify if encryption table was pro- 
grammed. 


2 


P 


U 


U 


Prevent MOVC instructions in external memory from reading pro- 
gram bytes in internal memory. EA is sampled and latched on reset. 
Allow no further programming of EPROM. 


3 


P 


P 


U 


Level 2 plus no verify operation. Also, prevent MOVX instructions in 
external memory from reading SRAM (MOVX) in internal memory. 


4 


P 


P 


P 


Level 3 plus no external execution. 
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EPROM PROGRAMMING CONFIGURATION Figure 5 
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17 C 

C P3.3 

C P3.4 



o 



PORTO 

EA/Vpp 

ALE/PROG 
PSEN 

P2.7 
P2.6 



PORT 2 

uuuuuuuuuuuuu' 

32 33 



□ 46 

□ 45 
D 44 

□ 43/ 

D — 

□ 41 

□ 40 

□ 

□ 

□ 

□ 

□ 35\ 

□ 34 



4. 



PROGRAM SIGNALS 



PROGRAM SIGNALS 
CONTROL SIGNALS 
CONTROL SIGNALS 
CONTROL SIGNALS 



< < I 

a o 

If ir^T. 

O O 1 — . — 



A8-A13 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 
Soldering Temperature 



-0.3V to +7.0V 
0°C to 70°C 
-55°Cto+125°C 
260°C for 1 seconds 



* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; V CC =4.0V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


1 


Power Fail Warning 


V PFW 


4.25 


4.38 


4.5 


V 


1 


Minimum Operating Voltage 


Vrst 


4.0 


4.13 


4.25 


V 


1 


Backup Battery Voltage 


Vbat 


2.5 


3.0 


Vcc-0.7 


V 




Supply Current Active Mode 
@ 33 MHz 


1 

ice 




on 




mA 


o 
d. 


Supply Current Idle Mode 
@ 33 MHz 


1 

'Idle 




1 o 




mA 


Q 

o 


Supply Current Stop Mode, 
Band-gap Disabled 


'Stop 




il 

1 




r ■ A 

UA 


A 

4 


Supply Current Stop Mode, 
Band-gap Enabled 


i 

ISPBG 




cn 




■ i A 

uA 


A 

4 


Backup Supply Current, Data 
Retention Mode 


■ 

'bat 







0.5 


uA 


11 


Input Low Level 


V||_ 


—0.3 




+0.8 


V 


1 


Input High Level 


V| H 


2.0 




Vcc+0.3 


V 


1 


Input High Level XTAL1 and RST 


V IH2 


3.5 




Vcc+0.3 


V 


1 


Output Low Voltage 
@ loi_=1-6 mA 


V0L1 




0.15 


0.45 


V 


1 


Output Low Voltage Ports 0, 2, 
ALb, ana robN <& \Q\_=6.d mA 


V OL2 




0.15 


0.45 


V 


1 


Output High Voltage Ports 1,2,3, 
ALE, PSEN @ l OH =-50 nA 


Vom 


2.4 






V 


1,6 


Output High Voltage Ports 1,2,3 
@ I h= -1 -5 mA 


VoH2 


2.4 






V 


1,7 


Output High Voltage Port in Bus 
Mode Ioh= -8 mA 


VOH3 


2.4 






V 


1,5 


Input Low Current Ports 1 , 2, 3 
@ 0.45V 


hL 






-55 


uA 




Transition Current from 1 to 
Ports 1 , 2, 3 @ 2V 


hi 






-650 


uA 


8 


Input Leakage Port 0, EA pins, I/O 
Mode 


i L 


-10 




+10 


uA 


10 


Input Leakage Port 0, Bus Mode 


i L 


-300 




+300 


uA 


9 


RST Pull-down Resistance 


R RST 


50 




170 


kn 
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NOTES FOR DC ELECTRICAL CHARACTERISTICS: 

All parameters apply to both commercial and industrial temperature operation unless otherwise noted. 

1 . All voltages are referenced to ground. 

2. Active current is measured with a 33 MHz clock source driving XTAL1 , Vcc=RST=5.5V, all other pins discon- 
nected. 

3. Idle mode current is measured with a 33 MHz clock source driving XTAL1 , V CC =5.5V, RST at ground, all 
other pins disconnected. 

4. Stop mode current measured with XTAL1 and RST grounded, V CC =5.5V, all other pins disconnected. This 
value is not guaranteed. Users that are sensitive to this specification should contact Dallas Semiconductor for 
more information. 

5. When addressing external memory. 

6. RST=5.5V. This condition mimics operation of pins in I/O mode. Port is tristated in reset and when at a logic 
high state during I/O mode. 

7. During a to 1 transition, a one-shot drives the ports hard for two clock cycles. This measurement reflects 
port in transition mode. 

8. Ports 1 , 2, and 3 source transition current when being pulled down externally. It reaches its maximum at 
approximately 2V. 

9. 0.45<V| N <V CC . Not a high impedance input. This port is a weak address holding latch in Bus Mode. Peak 
current occurs near the input transition point of the latch, approximately 2V. 

1 0. 0.45< V| N < V cc . RST=5.5V. This condition mimics operation of pins in I/O mode. 

11 . V C c=0V, V B at=3.3V. 32.768 KHz crystal with 12.5 pF load capacitance between RTCX1 and RTCX2 pins. 
RTCE bit set to 1 . 

TYPICAL l cc VERSUS FREQUENCY Figure 6 




2 4 6 8 10 12 16 20 24 30 33 MHz XTAL 

FREQUENCY 



041795 27/38 

269 



PARAMETER 


SYMBOL 


33 MHz 


VARIABLE CLOCK 


UNITS 


MIN 


MAX 


MIN 


MAX 


Oscillator Frequency 


1/tcLCL 





33 





33 


MHz 


ALE Pulse Width 


tLHLL 


40 




1-5tci_CL-5 




ns 


Port Address Valid to ALE Low 


l AVLL 


10 




0.5tc L cL-5 




ns 


Address Hold after ALE Low 


*LLAX1 


10 




0.5tcLCL-5 




ns 


ALE Low to Valid Instruction In 


*LLIV 




56 




2-5t C LCL-20 


ns 


ALE Low to PSEN Low 


t|_LPL 


10 




0.5tcLCL-5 




ns 


PSEN Pulse Width 


tpLPH 


55 




2tcLCL - 5 




ns 


PSEN Low to Valid Instr. In 


'PLIV 




41 




2t C LCL-20 


ns 


Input Instruction Hold after PSEN 


tpxix 












ns 


Input Instruction Float after PSEN 


tpxiz 




26 




tCLCL-5 


ns 


Port Address to Valid Instr. In 


'aviv 




71 




3tcLCL-20 


ns 


Port 2 Address to Valid Instr. In 


*AVIV2 




81 




3.5tcLCL-25 


ns 


PSEN Low to Address Float 


'PLAZ 












ns 



NOTES FOR AC ELECTRICAL CHARACTERISTICS: 

All parameters apply to both commercial and industrial temperature range operation unless otherwise noted. All sig- 
nals rated over operating temperature. All signals characterized with load capacitance of 80 pF except Port 0, ALE, 
PSEN, RD and WR with 1 00 pF. Interfacing to memory devices with float times (turn off times) over 25 ns may cause 
contention. This will not damage the parts, but will cause an increase in operating current. 
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MOVX CHARACTERISTICS USING STRETCH MEMORY CYCLES (0°C to 70°C; V C c=4.0V to 5.5V) 



PARAMETER 


SYMBOL 


VARIABLE CLOCK 


UNITS 


STRETCH 


MIN 


MAX 


Data Access ALE Pulse Width 


*LHLL2 


1 -5tcLCL-5 
2tcLCL~5 




ns 


tMCS=° 

1mcs>0 


Address Hold after ALE Low for 
MOVX Write 


t|_LAX2 


0-5tcLCL-5 
tCLCL - 5 




ns 


1mcs=0 

tMCS >0 


RD Pulse Width 


tRLRH 


2tcLCL-5 

t MC s-1 




ns 


1mcs = o 

tMCS>° 


WR Pulse Width 


twLWH 


2tCLCL-5 
tMCS _ 1° 




ns 


1mcs=o 
1mcs>o 


RD Low to Valid Data In 


tRLDV 




2t C LCL-20 
t MCS -20 


ns 


1mcs=o 

tMCS>° 


Data Hold after Read 


IRHDX 







ns 




Data Float after Read 


'rhdz 




tCLCL -5 
2tCLCL~5 


ns 


tMCS=° 
tMCS>0 


ALE Low to Valid Data In 


tl_LDV 




2-5tc LCL -20 
tMCS+tCLCL-40 


ns 


'mcs=° 
'mcs > 


Port Address to Valid Data In 


tAVDVI 




3t CL CL-20 
tMCS+ 1 -5tcLCL-20 


ns 


1mcs=o 
'mcs > o 


Port 2 Address to Valid Data In 


tAVDV2 




3-5tcLCL-20 


ns 


1mcs=o 

*MCS > 


ALE Low to RD or WR Low 


tLLWL 


0.5t CL CL-5 
Xc\ f\ — 5 


0.5t C LCL+5 
tr*i fi +5 


ns 


1mcs = o 

tMCS>° 


Port Address to RD or WR Low 


IAVWL1 


tr^i r*i — 5 
2tcLCL-5 




ns 


1mcs = o 

tMCS>0 


Port 2 Address to RD or WR Low 


*AVWL2 


1.5triri -10 
2.5tc LCL -10 




ns 


tMCS=0 

1mcs>o 


Data Valid to WR Transition 


tQVWX 


-5 




ns 




Data Hold after Write 


tWHQX 


tCLCL-5 
2tcLCL-5 




ns 


1mcs=° 

tMCS>0 


RD Low to Address Float 


tRLAZ 




-0-5tcLCL-5 


ns 




RDorWRHigh to ALE High 


tWHLH 




*CLCL-5 


10 

tCLCL+5 


ns 


tMCS=0 

1mcs>0 



NOTE: t M cs is a time period related to the Stretch memory cycle selection. The following table shows the value of 
'mcs for eacn Stretch selection. 



M2 


M1 


MO 


MOVX CYCLES 


*MCS 











2 machine cycles 











1 


3 machine cycles (default) 


4 t C LCL 





1 





4 machine cycles 


8 tCLCL 





1 


1 


5 machine cycles 


12t C LCL 


1 








6 machine cycles 


1 6 tCLCL 


1 





1 


7 machine cycles 


20 tCLCL 


1 


1 





8 machine cycles 


24 tCLCL 


1 


1 


1 


9 machine cycles 


28 tCLCL 
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EXTERNAL CLOCK CHARACTERISTICS (0°C to 70°C; V C c=4.0V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Clock High Time 


*CHCX 


10 






ns 




Clock Low Time 


tCLCX 


10 






ns 




Clock Rise Time 


*CLCL 






5 


ns 




Clock Fall Time 


tCHCL 






5 


ns 





SERIAL PORT MODE TIMING CHARACTERISTICS (0°C to 70°C; V C c=4 0V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


^prial Pnrt CAnrk Hvrlp Timp 

SM2=0, 1 2 clocks per cycle 
SM2=1 , 4 clocks per cycle 


txLXL 




12tcLCL 
4tCLCL 




ns 
ns 




Output Data Setup to Clock Rising 
SM2=0, 12 clocks per cycle 
SM2=1 , 4 clocks per cycle 


tQVXH 




10t C LCL 
3tcLCL 




ns 
ns 




Output Data Hold from Clock Rising 
SM2=0, 12 clocks per cycle 
SM2=1 , 4 clocks per cycle 


tXHQX 




2tcLCL 
tCLCL 




ns 
ns 




Input Data Hold after Clock Rising 
SM2=0, 12 clocks per cycle 
SM2=1 , 4 clocks per cycle 


tXHDX 




l CLCL 
tCLCL 




ns 
ns 




Clock Rising Edge to Input 

Data Valid 
SM2=0, 12 clocks per cycle 
SM2=1 , 4 clocks per cycle 


txHDV 




11t C LCL 
3tcLCL 




ns 
ns 





EXPLANATION OF AC SYMBOLS 

In an effort to remain compatible with the original 8051 
family, this device specifies the same parameters as 
such devices, using the same symbols. For complete- 
ness, the following is an explanation of the symbols. 



t 


Time 


A 


Address 


C 


Clock 


D 


Input data 


H 


Logic level high 


L 


Logic level low 


I 


Instruction 


P 


PSEN 


Q 


Output data 


R 


RD signal 


V 


Valid 


W 


WR signal 


X 


No longer a valid logic level 


z 


Tristate 
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POWER CYCLE TIMING CHARACTERISTICS (0°C to 70°C; V C c=40V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Cycle Start-up Time 


l CSU 




1.8 




ms 


1 


Power-on Reset Delay 


tpOR 






65536 


tCLCL 


2 



NOTES FOR POWER CYCLE TIMING: 

1 . Start-up time for crystals varies with load capacitance and manufacturer. Time shown is for an 11 .0592 MHz 
crystal manufactured by Fox. 

2. Reset delay is a synchronous counter of crystal oscillations after crystal start-up. At 33 MHz, this time is 
1 .99 ms. 



EPROM PROGRAMMING AND VERIFICATION (21 °C to 27°C; V C c=4.5V to 5.5V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Programming Voltage 


V PP 


12.5 




13.0 


V 


1 


Programming Supply Current 


l PP 






50 


mA 




Oscillator Frequency 


1/t CLCL 


4 




6 


MHz 




Address Setup to PROG Low 


l AVGL 


48t CL CL 










Address Hold after PROG 


*GHAX 


48t C |_CL 










Data Setup to PROG Low 


fDVGL 


48T.CLCL 










Data Hold after PROG 


*GHDX 


48t C |_CL 










Enable High to V PP 


tEHSH 


48t CL CL 










V PP Setup to PROG Low 


tSHGL 


10 






US 




V PP Hold after PROG 


*GHSL 


10 






us 




PROG Width 


*GLGH 


90 




110 


us 




Address to Data Valid 


*AVQV 






48t CL CL 






Enable Low to Data Valid 


tELQV 






48t C LCL 






Data Float after Enable 


tEHQZ 







48tcLCL 






PROG High to PROG Low 


tGHGL 


10 






us 





NOTE: 

1 . All voltages are referenced to ground. 
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EXTERNAL PROGRAM MEMORY READ CYCLE 

t LH LL 



ALE 



A 



A 



PSEN 



PORTO 



. tAVL L . 



tu.IV • 



A 



tpLIV 



T 



'llaxi 



\ 

\ 7 ADDRESS \ . 

/ \ A0-A7 / 
/ V / 



'llpl 

*~ tpLAZ 



*AVIV1 



PORT 2 



WlV2 - 



'PLPH 



r 



r 



ipxix 



'pxiz 



INSTRUCTION 
IN 



ADDRESS 
A0-A7 



ADDRESS A8-A15 OUT 



ADDRESS A8-A1 5 OUT 



EXTERNAL DATA MEMORY READ CYCLE 



ALE 



PSEN 
RD 



Illwl 

'LLAX1 



PORTO INSTRUCTION 



Wll 



'lldv - 



Irlaz 

l AVWL1 — 



ADDRESS 
A0-A7 



•rlrh ■ 
'rldv - 



tAVDVI 



PORT 2 



X 



WDV2 ■ 



f AVWL2 " 



]" 



- 'WHLH 



DATA IN 



• — t R HDZ 

'rhdx 



ADDRESS 
A0-A7 



ADDRESS A8-A1 5 OUT 
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DATA MEMORY WRITE CYCLE 



ALE 



PSEN / 



<LLAX2 -*■ 



WR 



PORTO 



PORT 2 



INSTRUCTION 
IN 



X 



'avll 



r*~ twHLH 



\ / ADDRESS V 

I \ _ A0^A7 f \_ 



'L 



'AVWL1 



<AVWL2 ■ 



'WLWH ■ 



'WHQX 



DATA OUT 



X 



ADDRESS 
A0-A7 



■*-t QV wx 



ADDRESS A8-A1 5 OUT 



X 



DATA MEMORY WRITE WITH STRETCH=1 



Last Cycle of 
Previous 
Instruction 



First 
Machine 
Cycle 



Second 

Machine J. 

Cycle \ 

MOVX Instruction 



Third 
Machine 
Cycle 



Need 
Instruction 
Machine Cycle 



C1 C2 C3 C4 C1 C2 | C3 C4 C1 | C2 C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 

« riiiriJirLJiJiJiJiJiJirLJi^ 




MOVX 
Instruction 

Address M0 VX 
Instruction 



i 



MOVX 
Data 

Next Ad<lress 
Instruction 
Read 



1 



PORT 2 



A8-A15 ^ A8-A15 ^ 



MOVX Data 



A8-A15 



I 



A8-A15 
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DATA MEMORY WRITE WITH STRETCH=2 



Last Cycle 
of Previous 
Instruction 



First 
Machine , 
Cycle 



Second Third 

Machine Machine . 

Cycle Cycle 

— MOVX Instruction — 



Fourth Need 

Machine » | a Instruction . 

Cycle Machine 
Cycle 



CLK 



PSEN 



| C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | C1 | C2 | C3 | C4 | 

njmjummLruirLn^jTrLruT^^j^^Lj 




MOVX 
Instruction 
Address M0VX 
Instruction 



PORT 2 



MOVX 
Data 
Next Address 
Instruction 
Read 



A8-A15 



A8-A15 



MOVX Data 



A8-A15 



j ^A0-A7^ 1 DO-D7 



A8-A15 



FOUR CYCLE DATA MEMORY WRITE 
STRETCH VALUErf 



EXTERNAL CLOCK DRIVE 



tCLCL ■ 



XTAL1 



tCHCL 



tCHCX 



tCLCH 



<CLCX 
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SERIAL PORT MODE TIMING 

SERIAL PORT (SYNCHRONOUS MODE) 

HIGH SPEED OPERATION SM2=1=>TXD CLOCK=XTAL/4 



ale ^^L^^L_^j~L_^Ji_n_n 




WRITE TO SBUF 



RXD 
DATA OUT 



TXD 
CLOCK 



TXD 
CLOCK 



Jl 



WRITE TO SCON ,— , 
TO CLEAR Rl 



RXD 
DATA IN 



k)VXL_ 



*" H— 'XHQX 



" X 02 ) T~P^ X X~"^~X D7 X" D8 / 



~~ 'XLXL \*~ 



> TRANSMIT 




RECEIVE 



SERIAL PORT (SYNCHRONOUS MODE) 
SM2=0=>TXD CLOCK=XTAL/12 



// 
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INTERRUPT 
SERVICE ROUTINE 



XTAL1 



INTERNAL RESET 



tcsu 




'FOR ■ 



EPROM PROGRAMMING AND VERIFICATION WAVEFORMS 

PROGRAMMING 

1/ 

A0-A15 



D0-D7 ■ 



'DVGL" 

Wgl r~ 



ADDRESS 



4V 



ALE/PROG " 



EAA/ PP 



CONTROL 
SIGNALS 



'SHGL 



M ► 



-s<r 
-sv 



5 PULSES 

n 



tGHDX 



tGHAX 



<GHSL 



' tGHGL 
' tGLGH 



' tEHSH 



-Vr 



VERIFICATION 



'ELQV - 



' 'AYQY 



DATA OUT 



.A. 



X 



y- 



•ehqz 
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52-PIN PLCC 

NOTE: 

A PIN— 1 IDENTIFIER TO BE LOCATED IN ZONE INDICATED. 
2. CONTROLLING DIMENSIONS ARE IN INCHES. 



c 
c 
[ 
[ 
[ 

N [■ 
1 [ 
[■ 



A 



[ 
c 
c 

LS 



-E- 
-E1- 




nnnnnnnnnnnnn- 



.075 MAX 



CH1^" L.150_ 
MAX 



D1 D 




E2- 



PKG 


52-PIN 


DIM 


MIN 


MAX 


A 


0.165 


0.180 


A1 


0.090 


0.120 


A2 


0.020 




B 


0.026 


0.032 


B1 


0.013 


0.021 


c 


0.008 


0.013 


cm 


0.042 


0.048 


D 


0.785 


0.795 


D1 


0.750 


0.756 


D2 


0.690 


0.730 


E 


0.785 


0.795 


El 


0.750 


0.756 


E2 


0.690 


0.730 


e1 


0.050 BSC 


N 


52 





4-t 



e1 










IT 





A2 




52 PIN QUAD (PLCC) 
SUGGESTED PAD LAYOUT 



CD 
□ 
1=1 



1=1 
□ 



HOODED IDDDDQB 



t= 
□ 

CD 
1=3 
□ 



JH0000 




56-G4006-001 
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52-PIN CER QUAD 



-E- 
-E1- 



nnnr-innnnnnnnn- 



.075 MAX 




-.350 DIA 
GLASS LENS 



D1 D 



UUljlUUUUUUUUUU. 

.150 
MAX 




PKG 


52-PIN 


DIM 


MIN 


MAX 


A 


0.165 


0.185 


A1 


0.040 




B 


0.026 


0.032 


B1 


0.013 


0.021 


c 


0.008 


0.013 


CH1- 

45° 


0.035 


0.040 


D 


0.760 


0.800 


D1 


0.740 


0.770 


D2 


0.700 


0.730 


E 


0.760 


0.800 


E1 


0.740 


0.770 


E2 


0.700 


0.730 


e1 


0.050 BSC 


N 


52 





<L Li J 




m 


m 

E2 


m 






A1- 



NOTES: 

A PIN— 1 IDENTIFIER TO BE LOCATED IN ZONE INDICATED. 
2. ALL DIMENSIONS SHOWN ARE IN INCHES. 



56-G4007-001 



52-PIN CER QUAD 
SUGGESTED PAD LAYOUT 



I00DDD1 IODOOD0 



a 

CD 
CD 
CD 
CD 



SSDDDDlpDDDDDBI 



□ 

CD 
CD 

■B- 

CD 
CD 
CD 
C3 
E 
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PRODUCT PREVIEW 



DALLAS 

SEMICONDUCTOR 



DS80C323 

Low-Power Micro 



FEATURES 

• 80C32-Compatible 

- Pin-compatible 

- Standard 8051 instruction set 

- Four 8-bit I/O ports 

- Three 16-bit timer/counters 

- 256 bytes scratchpad RAM 

- Multiplexed address/data bus 

- Addresses 64KB ROM and 64KB RAM 

• Operates between 2.7V and 5.5V 

• High-speed architecture 

- 4 clocks/machine cycle (8032=1 2) 

- Wasted cycles removed 

- Runs DC to 20 MHz clock rate @ 2.7V 

- Single-cycle instruction in 200 ns 

- Uses less power for equivalent work 

- Dual data pointer 

- Optional variable length MOVX to access fast/ 
slow RAM /peripherals 

• High integration controller includes: 

- Power-fail reset 

- Programmable Watchdog timer 

- Early-warning power-fail interrupt 

• Two full-duplex hardware serial ports 

• 13 total interrupt sources with six external 

• Available in 40-pin DIP, 44-pin PLCC and TQFP 

DESCRIPTION 

The DS80C323 is a fast 80C31/80C32-compatible 
microcontroller. Wasted clock and memory cycles have 
been removed using a redesigned processor core. As a 
result, every 8051 instruction is executed between 1.5 
and 3 times faster than the original for the same crystal 
speed. Typical applications will see a speed improve- 
ment of 2.5 times using the same code and same crys- 
tal. At 2.7V, the DS80C323 offers a maximum crystal 
rate of 20 MHz, resulting in apparent execution speeds 
of 50 MHz (approximately 2.5X). 



PIN ASSIGNMENT 



P1 .0/T2 I 
P1.1/T2EXI 
P1.2/RXD1 I 
P1.3/TXD1 ( 
P1.4/ INT2 I 
P1.5/INT3I 
P1.6/ INT4 I 
P1.7/INT5I 
RSTI 
P3.0/RXD0 ( 
P3.1/TXD0 ( 
P3.2/INT0 | 
P3.3/INT1 ( 
P3.4/T0 | 
P3.5/T1 ( 
P3.6/WR ( 
P3.7/RD ( 
XTAL2 ( 
XTAL1 ( 
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ROM High-Speed Micro 



FEATURES 

• 80C52 compatible 

- 8051 pin and instruction set compatible 

- Four 8-bit I/O ports 

- Three 16-bit timer/counters 

- 256 bytes scratchpad RAM 

• Large On-chip Memory 

- 16KB factory Mask ROM 

- 1 KB extra on-chip SRAM for MOVX 

• ROMSIZE™ Feature 

- Selects effective on-chip ROM size from to 
16KB 

- Allows access to entire external memory map 

- Dynamically adjustable by software 

- Useful as boot block for external FLASH 

• High-Speed Architecture 

- 4 clocks/machine cycle (8051 = 12) 

- Runs DC to 33 MHz clock rates 

- Single-cycle instruction in 121 ns 

- Dual data pointer 

- Optional variable length MOVX to access fast/ 
slow RAM/peripherals 

• Power Management Mode 

- Programmable clock source to save power 

- CPU runs from (crystal/64) or (crystal/1024) 

- Provides automatic hardware and software exit 

• EMI Reduction Mode disables ALE 

• Two full-duplex hardware serial ports 

• High integration controller includes: 

- Power-fail reset 

- Early-warning power-fail interrupt 

- Programmable Watchdog timer 

• 13 total interrupt sources with 6 external 

• Available in 40-pin PDIP, 44-pin PLCC, and 
44-pin TQFP 
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DALLAS 

SEMICONDUCTOR 



Application Note 56 

The DS80C320 as a Drop-In 
Replacement for the 8032 



INTRODUCTION 

The DS80C320 high speed micro is another member of 
Dallas Semiconductor's 8051 instruction set compatible 
family of microprocessors. It was designed with the 
same pinout and basic resources as a conventional 
8032, but has significantly enhanced performance 
capabilities and a number of additional resources. Since 
the instruction set and pinout are the same, many situa- 
tions allow it to be used as a drop-in replacement. When 
doing so however, there are some issues that must be 
taken into account. This application note discusses 
those issues. 

PROCESSOR SPEED 

While the DS80C320 is 1 00 percent compatible with the 
8051 instruction set, the execution of the instructions 
has been streamlined for increased performance. A 
single byte instruction that previously required 1 2 clocks 
to complete now executes in 4 clocks. In addition, the 
DS80C320 can accept clocks up to 25MHz where in 
some versions of the 8032 the maximum was 12MHz. 
Because of this higher performance, there are issues 
relating to processor speed that must be considered 
when evaluating the DS80C320 as a drop-in replace- 
ment for the 8032. 

Memory Interface 1 

Since the basic instruction execution time has been 
streamlined in the DS80C320, the time available to 
transfer data to and from memory has also been 
reduced. This means that for the same frequency crys- 
tal, there is less time available for memory access. A 
simple example illustrates this point. The data sheet for 
the 8032 2 stipulates that, when using a 1 2 MHz crystal, 
the program memory must have an address access 
time of 302 ns or less (neglecting any address latch 
overhead). A DS80C320 also using a 12MHz crystal 
requires a memory with an address access time of 230 
ns of less. While this is not a tremendous difference, it is 



something that must be considered, and may be impor- 
tant in some systems. 

Software Loops 

The other issue having to do with speed considerations 
is the use of software timing. It is frequently the case that 
software writers will use the presumed constant execu- 
tion speed of a processor as a real time reference. Often 
a tight loop that requires a known number of clocks to 
execute will be used for generating delays. Since the 
DS80C320 executes instructions much more quickly 
than the standard 8032, these previously designed tim- 
ing loops will no longer produce the originally intended 
results. While using software timing loops is generally 
accepted as undesirable software design, in practice 
they are used rather frequently in embedded applica- 
tions. The DS80C320 was designed so that the internal 
timers default to a condition where they behave exactly 
as the timers in the 8032. If application code is written to 
make use of these timers rather than software delays, 
the code will run as originally intended. 

POWER-ON RESET 

The DS80C320 incorporates circuitry to generate its 
own power-on reset function. While the RST pin may 
still be connected to an external reset generating circuit, 
this on-board feature is provided as a convenience to 
new designs. The fact that the processor has its own 
reset function is a benefit in most cases, however, there 
are situations where the on-board reset is not exactly 
what the user wants. One could conceive of situations 
where the reset may not be at exactly the desired volt- 
age level or last for exactly the desired duration. One 
example of this is could be the case where battery 
backed RAM is used for storage. If the RAM contains its 
own voltage detection circuitry and does not become 
unprotected at the same voltage as the DS80C320 
leaves reset (4.0 volts), then the processor could be 
accessing protected RAM. While these cases are not 



1 . Details on selecting the correct speed memory devices for the DS80C320 may be found in Dallas Semiconductor's Application Note 57 entitled 
"DS80C320 Memory Interface Timing". 

2. Data for the 8032 from the Intel "8-Bit Embedded Controllers'- data book dated 1 99t . 



102594 1/2 ©Copyright 1995 by Dallas Semiconductor Corporation. 

All Rights Reserved. For important information regarding 
284 patents and other intellectual property rights, please refer to 

Dallas Semiconductor data books. 



APPLICATION NOTE 56 



common, they remain something to consider for each 
specific application. 

POWER CONSUMPTION 

In addition to being a higher performance device, the 
DS80C320 is also a lower power device than the 8032 
when equivalent work is considered. All CMOS parts 
exhibit the property that they consume more power as 



their speed goes up. Since the DS80C320 is a higher 
speed part, it will consume more power for a given crys- 
tal frequency. However, if an equivalent amount of work 
is considered, it consumes slightly less power than a 
conventional 8032. This difference in power consump- 
tion is probably only important for battery powered 
applications, in which case stop mode power is likely to 
be more important. 



285 



102594 2/2 



APPLICATION NOTE 57 



DALLAS 

SEMICONDUCTOR 



Application Note 57 

DS80C320 Memory Interface Timing 



INTRODUCTION 

Dallas Semiconductor's DS80C320 processor provides 
extensive new application opportunities due to its 
increased throughput. The increased speed, however, 
also requires attention to the timing requirements of the 
memory that interfaces with the processor. This applica- 
tion note identifies the critical timing paths associated 
with the memory interface and identifies memory 
speeds required for various CPU crystal frequencies. 

A typical configuration for a DS80C320 processor sys- 
tem is shown in Figure 1 . A 32K x 8 EPROM is used to 



hold program information, and a 8K x 8 Static RAM is 
used for data storage. The Least Significant Byte (LSB) 
of the memories' address is time multiplexed with data 
on processor pins AD7 through ADO. The signal ALE 
from the processor goes high before a new address is 
placed on the bus, and goes low before it is removed. In 
Figure 1 , the action of ALE going low is used to latch the 
address into a 74HCT373 8-bit transparent latch. The 
373 then provides its latched address output to the 
memories while the AD7 through ADO CPU bus carries 
data. The MSB of the address is not multiplexed, and is 
available on port pins P2.7 through P2.0 (A15-A9). 



A TYPICAL DS80C320 SYSTEM CONFIGURATION Figure 1 
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PROGRAM MEMORY 

Some of the signals used in interfacing the DS80C320 
with EPROM Program memory are shown in Figure 2. 
As can be seen, timing relationships for two latch 
technologies (HCT, and F) are shown. The technology 
selected for this latch is critical to the memory selection. 
The 74HCT373 has a worst case propagation delay 
from input to output (D to Q) of 44 ns 1 while the 74F373's 
is 8 ns 2 . This results in significantly different memory 



address access timing requirements depending on the 
family used. Examining timing parameters from the 
DS80C320 data sheet reveals that an instruction must 
be ready to read into the processor within 100 ns 
(parameter tAviv^tcLCL- 20 ) 3 . assuming a 25 MHz 
clock 4 . If the 44 ns propagation delay through the HCT 
latch is subtracted from this, you arrive at a required 
address access time of 56 ns. 



PROGRAM MEMORY INTERFACE TIMING Figure 2 
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While EPROM devices with access times of 56 ns or 
less may be available, they are likely to be expensive. A 
simple and more cost effective approach to solving this 
timing constraint is to use a faster latch technology; an 
74F373 for instance. Using the same analysis as above, 



if the propagation delay of the F373 latch, 8 ns, is sub- 
tracted from the Iavivi parameter (1 00 ns) you arrive at 
an address access requirement of 92 ns. This is much 
easier to realize than 56 ns. 



1 . HCT timing information from the 1988 Texas Instruments "High Speed CMOS Logic" data book. 

2. F timing information from the Signetics "Fast Data Manual 1986" data book. 

3. For details on the equations presented in this document, refer to the DS80C320 data sheet. 

4. tcLCL is the period of the crystal frequency, and is equal to 40 ns for a 25 MHz crystal. 
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There is another timing constraint that suggests the use 
of an "F type part in faster applications. On a 
74HCT373 latch, the minimum required hold time of the 
input after the latch enable (ALE) goes low may be as 
much as 1 3 ns. The latch's input, the address out of the 
processor, is held until it is driven by the memory's out- 
put. This output is enabled by PSEN. Again referring to 
the data sheet, it can be seen that PSEN may occur as 
quickly as 5 ns after ALE falls (parameter ti_i_pi_)- " the 
memory's output begins to drive the bus immediately 
after PSEN enables it, then there may only be 5 ns hold 
time. That obviously violates the latch's requirement. 
While it is reasonable to assume that there will be some 
delay before the memory's output will drive the bus, this 
is not a specified (or tested) parameter. Therefore a con- 
servative estimate of 5 ns will be assumed. From above 
numbers and the equation for the t L |_pL parameter 
(0.25tci_CL- 5 ). it can be calculated that clock frequen- 
cies of 19.23 MHz and below will allow sufficient hold 
time to satisfy the 74HCT373 latch's requirement. Note 
that the hold time for a 74F373 latch is 3 ns which is met 
under all conditions. 

From the above analysis, you could choose 1 9.32 MHz 
as the latch technology switchover point, however, 
there is a reason why this was not done. Referring back 
to the address access equation (3tcLCL -20 ). it can be 
calculated that if a 74HCT373 latch is used for frequen- 
cies higher than 16.31 MHz, then a 90 ns or faster 
memory device is required. Therefore as a trade-off 
between latch speed and EPROM speed, the 74F373 
latch (less expensive than a fast EPROM) is recom- 
mended for crystal frequencies greater than or equal to 
16.31 MHz, and the 74HCT373 for lower frequencies. 



As shown in Figure 1 , PSEN enables the EPROM's out- 
put, so the timing for this signal must also be considered 
when choosing a device. The DS80C320 data sheet 
specifies the time from PSEN low to a valid instruction in 
must be no more than 70 ns (parameter tpuv)- Tnis is 
therefore the maximum allowed access time from the 
memory's OE pin. In summary, the two timing require- 
ments for the selected EPROM are that the address 
access time must be less than 92 ns and the OE access 
time must be less than 70 ns. When looking at EPROM 
data sheets, it can be seen that common access time 
combinations (address access, OE access) are 55,35; 



70,40; 90,40; 120,50; 150,65; 200,75; and 250,100 ns. 
The 90,40 device meets both timing requirements for a 
25 MHz clock on the DS80C320 and is the recom- 
mended selection. 

Table 1 shows the slowest EPROM memory speeds 
recommended for various processor clock frequencies. 
If for some reason it is desirable to use devices faster 
than those recommended, this is possible. For this doc- 
ument, the memory speeds available (maximum 
access times from address and OE respectively) are 
assumed to be those indicated above, however, any 
combination that meets the two requirements may be 
used. In Table 1 , the memory speeds shown in bold are 
the recommended configurations. 



RECOMMENDED EPROM SPEEDS Table 1 



CLOCK 
(MHZ) 


MEMORY 
SPEED 
74F373 


MEMORY 
SPEED 
74HCT373 


25.0 


90 ns 




20.0 


120 ns 


70 ns 


18.432 


120 ns 


90 ns 


16.0 


150 ns 


120 ns 


14.746 


150 ns 


120 ns 


14.318 


150 ns 


120 ns 


12.0 


200 ns 


150 ns 


11.059 


200 ns 


200 ns 


7.37 


250 ns 


250 ns 


1 .8432 and below 


250 ns 


250 ns 



It should be noted that it is often possible to reduce the 
power consumption of EPROMs by keeping the OE pin 
held active and controlling the device with the CS pin. 
When doing this, however, the access time from CS 
must be more closely considered. The CS access time 
is often nearly the same value as the address access 
time (i.e., much slower than OE access). If power con- 
sumption is the prime system consideration, a faster 
device may be selected, and the CS used to select the 
chip. 
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DATA MEMORY 

Choosing a data memory (RAM) device to interface to 
the DS80C320 is much easier than choosing an 
EPROM device because of the flexibility designed into 
the processor. The DS80C320 provides a unique fea- 
ture that allows the application software to adjust the 
speed at which data memory is accessed. The proces- 
sor is capable of performing a MOVX instruction in as 
little as two instruction cycles (eight oscillator clocks). 
However, this value can be "stretched" as needed so 
that both fast memory and slow memory or peripherals 
can be accessed with no glue logic. On power up, the 
DS80C320 defaults to a stretch value of one resulting in 
a three cycle MOVX instruction. This default condition is 
a convenience to existing designs that may not have 
fast RAM in place. For the user who needs maximum 
performance, a stretch value of zero may be selected by 
software, resulting in a two machine cycle MOVX 
instruction. Even in high speed systems, it may not be 



necessary or desirable to perform data memory 
accesses at full speed. Additionally, there are a variety 
of memory mapped peripherals such as LCD displays 
or UARTs that are not fast enough to keep up with the full 
speed DS80C320. This flexibility allows the user to 
trade some performance for slower data RAMs if so 
desired. 

For maximum performance, i.e., with a two machine 
cycle data memory access programmed into the pro- 
cessor, the fetch of a MOVX instruction takes one 
machine cycle leaving one machine cycle for the 
memory read or write. For the analysis of the data 
memory's timing requirements that follows, it will be 
assumed that the recommendations of Table 1 have 
been followed. This implies that a 74F373 latch is used 
for clock frequencies above 16.31 MHz. A diagram of a 
single cycle data memory read is shown in Figure 3 and 
a single cycle data memory write is shown in Figure 4. 



DATA MEMORY READ Figure 3 
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DATA MEMORY WRITE Figure 4 
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Note that the term t MC s is used in the data sheet and in 
the equations that follow. It is a term that represents the 
time interval added for each stretch cycle. For example, 
if stretch is 0, then t^cs is zer0 an d 'he equation remains 
the same. If stretch is one then t M cs equals 2tcLCL. an d 
the equation is increased by this amount. The value of 
tivics is increased by 4t C LCL for every additional stretch 
cycle. 

Through analysis and a survey of up-to-date memory 
products 5 , it can be determined that there are four 
SRAM timing parameters that are necessary and suffi- 
cient to meet the timing requirements of the DS80C320 
in most situations. For the following discussion of these 
requirements, the worst case timing conditions, i.e., a 
25 MHz clock and zero stretch cycles, have been used. 
For a data read operation, the DS80C320 expects the 
time from an address change until valid data is available 
to be 100 ns (t A vDvi=3tcLCL-20+t M cs) °r less. If the 
propagation delay from D to Q of a 74F373 latch (8 ns) is 
subtracted from this parameter, you obtain a memory 
address access (t AA ) requirement of 92 ns. Also for a 
read, the DS80C320 expects the time from the RD sig- 
nal going low until valid data is received from the 
memory to be 60 ns (tRLDV= 2t CLCL- 20 +tMCs) or less. 
Since the processor's RD signal is tied to the memory's 



OE pin, the memory must have an output enable access 
time (t E> of less than 60 ns. After the DS80C320 has 
read the data, the SRAM must relinquish the bus within 
35 ns (tRHDZ=tCLCL -5 )- This dictates that the SRAM 
parameter toHZ be less than 35 ns. For a write, the pro- 
cessor will provide a minimum write pulse of 75 ns 
(twLWH=2tcLCL-5), which is equal to the required mini- 
mum write pulse width (t w p) of the SRAM. On the basis 
of these four calculated parameters and assumed 
SRAM speeds shown in Table 2, the appropriate speed 
device may be determined for a number of different 
clock frequencies. A summary of the recommended 
RAM speeds is given in Table 3. 



AVAILABLE RAM PARAMETERS Table 2 



*AA 


t OE 


*OHZ 




(ns) 


(ns) 


(ns) 


(ns) 


70 


35 


30 


45 


80 


35 


30 


60 


100 


50 


35 


60 


120 


60 


45 


70 


150 


55 


40 


90 


170 


80 


35 


120 


200 


100 


35 


150 



5. Memory data books from Dallas Semiconductor 1992-1993, Fujitsu 1990, Hitachi #M18, Micron 1992, Mosel 1991-1992, NEC 1989. Sony 1991 were surveyed for 
suitable RAM products. 
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Table 3 illustrates the point that even with a 25 MHz 
clock, relatively slow SRAM devices may be selected if 
a single stretch cycle (default condition) is used. If per- 
formance is not the primary system consideration, or if it 



is but data memory accesses are an insignificant part of 
the overall processing requirements, the use of a stretch 
cycle may allow a more cost effective solution. 



RECOMMENDED RAM CONFIGURATION Table 3 



CLOCK 
(MHz) 


LATCH 


MEMORY SPEED 
(zero stretch) 


MEMORY SPEED 
(one stretch) 


25.0 


F373 


80 ns 


170 ns 


20.0 


F373 


120 ns 


200 ns 


18.432 


F373 


120 ns 


200 ns 


16.0 


HCT373 


120 ns 


200 ns 


14.746 


HCT373 


120 ns 


200 ns 


14.318 


HCT373 


120 ns 


200 ns 


12.0 


HCT373 


170 ns 


200 ns 


11.059 


HCT373 


200 ns 


200 ns 




HCT373 


200 ns 


200 ns 


1 .8432 and below 


HCT373 


200 ns 


200 ns 



ADDITIONAL CONSIDERATIONS 

In developing this application note, it was noted that 
some EPROM devices have extremely long "turn off" 
times. If the EPROM selected for 25 MHz systems has 
an "output disable to floaf time greater than 35 ns 
(parameter tpxiz=tcLCL-5), bus contention will occur on 
the processor's AD7-AD0 bus. In most situations, this 
simply results in higher power consumption. However, 
in some situations the address setup time to the 
memory can be affected necessitating a faster memory. 
The simplest solution to this problem is to use a device 
with the required turn-off time, but another possible 
solution exists. A 74F244 driver can be placed between 
the EPROM's output and the processor's data bus as 
shown in Figure 5. The 74F244's outputs turn off within a 
maximum of 8 ns, thereby releasing the processor's bus 
almost immediately and eliminating the contention. 



All of the timing calculations used in this application note 
are based on the equations in the DS80C320 data 
sheet. The timing specifications given in the data sheet 
assume an approximately equal capacitive load on the 
signals specified. If the configuration of Figure 1 is used, 
this is achieved. If, however, any signal is connected to 
additional loads, then the capacitive loading including 
the additional devices should be evaluated. If there is a 
significant difference, additional margins should be 
used in the critical path analysis, and appropriate 
memory speeds selected. 

For older or otherwise unconventional SRAM devices, it 
may be wise to confirm other important timing parame- 
ters such as data setup before write active (<twLWH _ 
t Qvwx =7 5-5=70). With the devices surveyed, meeting 
the four parameters discussed above will qualify the 
device for use. 
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EQUATION SUMMARY 

For the user who wishes to calculate the memory speed 
requirements using a crystal frequency not shown in the 
preceding tables, the following equations provide a con- 
cise summary of the information needed. The memory 



devices selected must have an address access time 
(based on the use of an F373 or an HCT373), an OE 
access time, a WE time, and a bus release time less 
than or equal to the calculated values. Note again that 
tcLCL is the period of the clock. 



EPROM Access Times 



OE 



tpLIV 

2.25t CL CL-20 



F373 

address = iavivi-8 
= 3t CL CL-28 



HCT373 

address = t AV ivi^44 
= 3tcLCL-64 



Bus Release = tpmnz 

= tcLCL-5 
(same for RAM) 



RAM Read Access Times 

OE = tRDLV 

= (2.0tc LC L-20+t MC s) 



F373 

address = tAVDVi - 8 

= (3.0tcLCL-20+t M cs)-8 



HCT373 

address = Uvdvi- 44 

= (3.0tc LCL -20+tM CS )-44 



RAM Write Pulse Time 



WE = 



twLWH 

(2tci_CL-5+tMCS) 
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Serial Ports 



INTRODUCTION 

The High-Speed Micro's serial interfaces are function- 
ally identical to those found on other lower performance 
8051 processors. They are based on a Universal Syn- 
chronous/Asynchronous Receiver/Transmitter 
(USART) implementation. As the name implies, a 
USART converts parallel data to and from a synchro- 
nous or asynchronous serial bit stream. The parallel 
data side of the device interfaces with the processor's 
internal data bus, and the serial side interfaces with the 
outside world. This application note describes the setup 
and operation of the most commonly encountered oper- 
ating modes of this interface. 

Because of its universal applicability, the most fre- 
quently used configuration of the High-Speed Micro's 
serial channel is its 10-bit asynchronous mode. In this 
application note, this configuration will be described in 
detail. A general overview of the port's operation will be 
provided and a detailed software example will be pres- 



ented. Examples illustrating the use of dual serial ports 
and 11 -bit address recognition capability will also be 
presented. Through these three examples, different 
aspects of serial port operation will be discussed. 

The most frequently encountered serial communication 
modes are based on asynchronous data transmission. 
In this mode of transmission, there is no separate clock 
signal. The classical serial asynchronous data commu- 
nications format illustrated in Figure 1 provides the nec- 
essary synchronization without a clock signal. In this 
format, 8 or 9 data bits are accompanied by one start bit 
and one or two stop bits. The 9th data bit is frequently 
used as a parity bit. The start and stop bits provide the 
necessary synchronization information. The serial bit 
stream's content in this mode is compatible with the 
popular RS-232 protocol. However, the signal levels 
are not. For signal level compatibility, a level translator 
such as the DS1228 must be used to convert TTL7 
CMOS levels to/from RS-232 levels. 



ASYNCHRONOUS DATA FORMAT Figure 1 



ODD, EVEN, OR 
NON-EXISTANT 



IDLE 
STATE 



/ 



MSB i 



1 P 



BIT 



START 
BIT 



STOP | 

Ph. 



- RETURN TO 
IDLE STATE 
OR 

START BIT OF 
NEW CHARACTER 



Please note that many members of the High-Speed 
Microcontroller family have two functionally identical 
serial ports. As new members are added to the proces- 
sor family, some may not have both serial ports. Refer to 
the individual device's data sheet for specific features. 
This application note will concentrate on the use of a 
single serial port (port 0), but in the examples, the ideas 
presented are equally applicable to both ports. One 
example program demonstrates the use of both serial 
ports. 



BAUD CLOCK SOURCES 

While it is not the purpose of this document to discuss 
details of the High-Speed Micro's internal timers, there 
must be some discussion of them since they are fre- 
quently used as the source of the baud rate clock. The 
High-Speed Micro contains three internal timers; two of 
which may be used as baud rate generators. The follow- 
ing sections briefly describe these timers and their 
modes most commonly used for baud rate generation. 
Detailed information on the timers' setup will be illus- 
trated by the software examples that follow. 
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by the processor. Once initialized, the timers run auto- 
matically, producing a baud rate clock based on a value 
loaded into the timers' reload registers. When in this 
mode, timer 1 uses SFR registers TL1 to count and TH1 
to store a reload value. Software must initialize TH1 with 
the desired reload value, and if the first time interval is to 
be correct, TL1 must also be loaded with the same 
value. Timer 2 uses registers TL2 and TH2 for counting, 
and registers RCAP2L and RCAP2H for holding the 
reload values. Again, these registers must be initialized 
by software. When enabled, the timers will begin count- 
ing based on the selected clock source. The clocks pos- 
sible for timer 1 are oscillator/1 2 or oscillator/4. Fortimer 
2, oscillator/2 is the only possibility when in baud clock 
generation mode. When the count registers roll over 
from their maximum count to 0, they will be automati- 
cally reloaded with the value in the reload registers. The 
reload value remains unchanged unless modified by 
software. Every time the rollover occurs, a clock pulse is 
generated. This clock pulse is used by the serial port as 
a baud rate clock. By changing the reload value, a wide 
variety of baud rates may be achieved. 

POLLED VS. INTERRUPT DRIVEN MODES 

The High-Speed Micro's serial channels have flag bits 
in the SFR address space that indicate the status of the 
channel. For each serial channel, there is a flag indicat- 
ing when a character has been received (Rl) and a flag 
indicating when a character has been transmitted (Tl). 
These flags are set whether or not the associated inter- 
rupts are enabled, and can therefore be used in a polled 
mode of operation. Alternatively if the interrupts are 
enabled, the setting of either of these flags will cause a 
jump to the serial channel's associated interrupt vector. 

Since the serial interrupts are asynchronous based on 
serial communications with an external device, most 
applications will benefit from using an interrupt driven 
communications scheme. In this way, the processor can 
accomplish other tasks while it is waiting to receive an 
interrupt. If a polling method were used, time would be 
consumed continually checking the flag bits to see if one 
has been set. The examples of this application note 
illustrate both approaches. The first example demon- 
strates a typical interrupt driven mode of operation. The 
second example executes a very structured set of 
events, so it is well suited to polled operation. 
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the most frequently used method of serial communica- 
tion on the 8051 family. This is because this mode is 
compatible with the familiar RS-232 protocol. While the 
signal levels are different, the use of a simple level trans- 
lator will allow communications with the standard serial 
ports of any personal computer. In fact, all of the soft- 
ware in this applications note was tested using a PC to 
interface to a DS80C320 test board. 

This particular serial mode can use timer 1 to generate 
baud rates for serial port 1 or timers 1 or 2 for serial port 
0. In this example, timer 2 is operated in auto-reload 
mode to generate the baud rate for serial port 0. 

After establishing the timer's mode of operation, the 
reload value must be stored in the reload register. The 
contents of the reload registers may be calculated for a 
desired baud rate and oscillator frequency using the fol- 
lowing equation: 



RCAP2H, RCAP2L = 65536 - 



Oscillator Frequency 
32 * Baud Rate 



Using this equation, the reload value for any desired 
baud rate and oscillator frequency may be calculated. 
For this software example, an oscillator frequency of 
11.0592 MHz is assumed. The table below shows the 
reload values for several common baud rates based on 
this crystal frequency. It should be noted that not every 
crystal value will produce acceptable baud rates. Some 
evaluation of the above equation may be necessary 
before selecting the crystal for a system if a specific 
baud rate is required. 

TIMER 2 RELOAD VALUES Table 1 



BAUD RATE 


RCAP2H 


RCAP2L 


57600 


OFFh 


OFAh 


9600 


OFFh 


ODCh 


2400 


OFFh 


090h 


1200 


OFEh 


OEOh 



Once a reload value is determined, it must then be 
loaded into the timer's reload registers to establish the 
timer's output clock frequency. 
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After initializing the timer, the serial port may be set up 
as desired. To establish the correct operating mode for 
serial port 0, the SMO and SM1 bits of the SCON register 
(address 098h) must be set appropriately. The following 



table shows the possible settings of these bits and the 
resulting mode. As shown, SMO and SM1 (SCON0.1 
and SCON0.0) must be set to and 1 respectively for 
1 0-bit asynchronous operation. 



SERIAL MODE BITS Table 2 



SMO 


SM1 


MODE 


FUNCTION 


LENGTH 


PERIOD 











Sync 


8 bits 


4/12t CL K 





1 


1 


Async 


10 bits 


Timer 1 or 2* 


1 





2 


Async 


11 bits 


64/32 t CUK 


1 


1 


3 


Async 


11 bits 


Timer 1 or 2* 



' Timer 2 is only available for baud rate generation on serial port 0. 



Since the serial port will be operated in interrupt driven 
mode, the interrupt enables must be set appropriately. 
By setting the ESO (address OACh) and EA (address 
OAFh) bits to 1 , serial port will generate an interrupt 
when a character has been transmitted or when a char- 
acter has been received. 

As a final step in initialization, the timer is started by set- 
ting bitTR2 (address OCAh). At this point, serial commu- 
nications may begin. To transmit a character, the char- 
acter is written to the SBUF (byte address 099h) and 
other tasks are performed until an interrupt is received 
(in this case a tight loop). In receiving a character, no 
action is required until an interrupt occurs. Since either a 
transmit or a receive can cause a jump to the same inter- 
rupt vector, the interrupt service routine (ISR) must 
determine which was the cause. This is done by reading 
the Tl (bit address 099h) and Rl (bit address 098h) sta- 
tus bits of the SCON register. If Tl is set, then a "Transmit 
Complete" caused the interrupt. If Rl is set, then a 
"Receive" caused the interrupt. If a transmit caused the 
interrupt, the Tl bit may be cleared and the ISR exited. If 
a receive caused the interrupt, then the Rl bit must be 
cleared and the received character must be read from 
SBUF. 

The software listing for example 1 below illustrates the 
details of implementing this mode of serial operation. 

DUAL SERIAL PORT EXAMPLE 

This example demonstrates the use of the two serial 
ports available on the DS80C320. The main purpose of 
the example is to illustrate how to initialize and use the 
second port. As discussed earlier, much of the informa- 
tion regarding serial port applies equally to serial port 



1 . However, this example will help clarify any confusion 
about the use of this resource. 

In this example, the output of port 1 (TXD1 ) is connected 
to its input (RXD1) in a "loop back" configuration. The 
software is written to create a closed serial loop with port 
as input and output. A terminal or PC running a termi- 
nal emulator is connected to port 0's input (RXDO) and 
output (TXDO). Initially, software outputs a three line 
message to the terminal on port 0, and the DS80C320 
waits for an input. When the terminal sends a character 
to the DS80C320, the Rl bit is set. When the software 
recognizes this bit has been set, it reads the received 
character and transfers it to the transmit buffer of port 1 . 
For illustrative purposes, the character is converted to 
upper case (if not already) before it is transferred. Since 
the output of port 1 is tied to its input, the transmitted 
character automatically ends up in the receive buffer. 
The software then copies this character to port 0's trans- 
mit buffer, which causes it to be transmitted out of the 
processor. Finally, the character arrives at the terminal 
as an upper case character, thereby completing the 
loop. 

In this software example, both serial ports are set to run 
from a baud clock generated from Timer 1 . The timer is 
set for auto-reload mode, and the count and reload reg- 
isters are loaded with the appropriate value. Timer 1 's 
equation for calculating reload values is different from 
Timer 2's, and is shown below: 



Reload = 256 



2 smod » QscillatorFreq. 
384 * BaudRate 
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Using the above equation, the reload value for a desired 
baud rate and oscillator frequency may be calculated. It 
can be seen that the reload value is a function of 2 raised 
to the power of SMOD. Since SMOD can be either or 
1 , this term can be either 1 or 2 (2° = 1 , 2 1 = 2). There- 
fore, setting SMOD to 1 has the effect of doubling the 
baud rate. Again for this software example, an oscillator 
frequency of 11.0592 MHz is assumed. Table 3 below 
shows the reload values calculated for several common 
baud rates based on this crystal frequency. 



TIMER 1 RELOAD VALUES 



BAUD RATE 


SMOD 


RELOAD 


57600 


1 


FF 


19200 


1 


FD 


9600 





FD 


2400 





F4 


1200 





E7 



As seen in the above equation, the reload value is calcu- 
lated based on the SMOD baud rate doubler bit's set- 
ting. If this bit is zero for the desired baud rate, it is not 
necessary to clear it in the initialization software 
because this is its reset default condition. However for 
clarity, the instructions to clear this bit for both ports are 
included in the example. Since the SMOD bit is not "bit 
addressable" you must write to the entire PCON regis- 
ter. The example code shows instructions for clearing 
and setting the SMOD bit using a single logical instruc- 
tion. The instruction not used in the program is com- 
mented out. 

In the example, the timer mode is initialized, the count 
and reload registers are loaded, the two SMOD bits are 
cleared, and the timer interrupt is disabled. This com- 
pletely configures the baud clock generation. After the 
two serial control registers are set for the desired mode, 
the timer is started, and serial communication begins. 

This example handles serial communication differently 
than illustrated by the earlier example. This example 
uses a polled mode to monitor serial status. Since this 
example is more structured in its operation, this polled 
approach is appropriate. The basic functions that trans- 
fer characters, are GETCH and PUTCH. Both of these 
functions perform a tight loop waiting for the appropriate 
flag to be set. When it is, the program continues. This 
would normally be considered a waste of time, but in this 



application and others like it, polled operation makes 
sense. 

The software listing for example 2 illustrates the details 
of implementing this mode of serial operation. 

ADDRESS RECOGNITION EXAMPLE 

This example demonstrates the address recognition 
capability of the High-Speed Micro's serial channel. In 
addition, it illustrates a method of baud clock generation 
that does not involve the use of a timer (i.e. , serial mode 

2). 

The address recognition feature of the High-Speed 
Micro is frequently used for multi-processor commu- 
nications. Each processor on the bus can be assigned a 
unique address. When configured, the processors will 
not recognize any serial communications unless its 
address is matched. Full details of this mode of opera- 
tion may be found in the High-Speed Microcontroller 
User's Guide. 

In this example, the address is set to recognize a control 
C character (03h). Any character received before a con- 
trol C is ignored. However when a control C is received, 
a character string is immediately printed, and subse- 
quent characters received on RXD0 are echoed out 
TXD0. 

As mentioned, the illustrated mode of generating a baud 
rate does not involve a timer (i.e., serial mode 2). The 
baud rate is selectable as shown in the following equa- 
tion: 

baudrat e = 2SMOD, ° scillatorFreq - 
64 

As can be seen in the equation, the selection of crystal 
frequencies is much more restricted for this serial mode 
than others if a particular baud rate is desired. In fact, 
there are relatively few crystal frequencies available 
that will produce a standard baud rate. In this example, 
an oscillator frequency of 7.372 MHz is assumed which 
will result in a rate of 115,200 baud with SMOD cleared 
to 0. It is quite common to see an oscillator of 1 2.0 MHz 
that will produce a rate of 187,500 baud with SMOD 
cleared to 0. 

The software listing for example 3 illustrates the details 
of implementing this mode of serial operation. 
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CODE EXAMPLE # 1 : 10-BIT ASYNCHRONOUS MODE 

**************************************** 

**************** Program ASYNC10B . ASM ************ 
**************************************** 
This program sets up the DS80C320's Port serial port to operate 
in 10-bit asynchronous format. Timer 2 is used as the baud rate 
generator by setting it in auto-reload mode. A crystal value of 
11.0529 MHz is assumed for the baud rate reload values. 



**************************************** 
**************************************** 

Interrupt Vectors 

ORG 000 Oh j RESET VECTOR 

AJMP START ; Jump to start of program 

ORG 0023h j SERIAL PORT VECTOR 

AJMP SERINT ; Jump to serial interrupt routine 

**************************************** 
Initialization 
ORG OlOOh 

START: MOV IE, #0 ; Disable ALL interrupts 

Set up timer 2 

MOV T2CON, #030h ; Timer 2 : auto-reload mode for 

both receive & transmit baud clocks 
MOV RCAP2L, #T2RL96L ; Establish 16-bit reload value for 9600 

MOV RCAP2H, #T2RL96H 

MOV TL2, #T2RL96L ; Make first timeout correct 
MOV TH2, #T2RL96H 

**************************************** 



Set up Serial Port 

MOV SCON, #050h ; Mode 1, set receive enable 
SETB ES0 ; Enable Serial Port interrupt 

SETB EA ; Set Global Interrupt enable 

SETB TR2 j Start Timer 



**************************************** 
************* Test Code to exerc i se t h e serial port ***** 



MOV SBUF, #'D' 

CALL WAIT 

MOV SBUF , # ' S ' 

CALL WAIT 



Put character 'D' in buffer (send it) 
Wait until flag cleared from interrupt 
service routine. 
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MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

MOV 

CALL 



SBUF , # ' 8 ' 
WAIT 

SBUF , # ' ' 
WAIT 

SBUF , # ' C ' 
WAIT 

SBUF, #'3' 
WAIT 

SBUF , # ' 2 ' 
WAIT 

SBUF, #'0' 
WAIT 

SBUF, #00Dh 
WAIT 

SBUF, #00Ah 
WAIT 



SJMP $ 



******************** 



******* 



. *************** Subroutine to wait for a serial interrupt * * 
WAIT: MOV Rl , #0FFh 

HERE: CJNE Rl , #0000h, HERE 

RET 



*************** 
***************** 



****************** 
Serial Interrupt Service Routine 



* * * * 



SERINT : 



SER_A : 



SER_X : 



CLR 

JNB 
CLR 
SJMP 

CLR 
MOV 
MOV 

MOV 



ESO 

TI , SER_A 
TI 

SER_X 
Rl 

A, SBUF 
SBUF, A 

Rl, #00h 



SETB ESO 
RET I 



; Disable serial interrupts 

; If TI=0, must be receive complete interrupt 
; Else must be transmit complete interrupt 



Clear the receive bit 
Get the character and 
echo it 

Indicate interrupt has been serviced 

(i.e. exit wait) 
Re-enable serial interrupts 
Return from interrupt 



*************************************** 



END 



Program ASYNC10B.ASM 
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CODE EXAMPLE #2 : DUAL SERIAL PORT 

. **************************************** 

.******************* Program Tst2Ser ******** 

. **************************************** 



This program demonstrates the simultaneous use of both of the DS80C320's 
serial ports. Both serial channels run off of timer 1 which is set for 
9600 KBaud with SMOD = 0, and an 11.059 MHz crystal. The program 
assumes that the transmit and receive pins of port 1 are connected 
together (i.e., TXD1 tied to RXD1) . When the program starts, the 
DS80C320 sends a three line message out on TXDO . It then waits for 
a character to come in on RXDO from an external terminal . This 
received character is converted to upper case if it is not already. 
The upper case character is then transferred to the transmit pin of 
port 1, TXD1, and the processor then waits for a character to be 
received on port l's receive pin, RXD1 . The received character is 
then transferred to port 0's transmit pin, TXDO, which completes the 
loop with the terminal . 



**************************************** 
**************************************** 



START : 



Initialization 
ORG OlOOh 

MOV IE, #0 ; Disable all interrupts 

Set up Timer 1 

MOV TMOD, #020h ; Timer 1: Mode 2 (8-bit reload) 

MOV TH1, #REL96 ; Reload value for 9600, SMOD = 

MOV TL1, #REL96 ; Make first time-out correct 

ANL (PCON), #07Fh ; Clear SMOD bit for port 

ANL (WDCON) , #07Fh ; Clear SMOD bit for port 1 

CLR ET1 ; Disable timer 1 interrupts 

************************************ 



Set up serial ports 



MOV 



SCON, #05 Oh 



MOV SCON1, #050h 



SETB TR1 



Timer 1 : Mode 1 (vari baud) 
and set receive enable 

Timer 2 : Mode 1 (vari baud) 
and set receive enable 

Start timer 1 



* * * * 



***** 



***************************** 



Configuration Demonstration 
j Output 3 Message Lines 

MOV DPTR, #MSG1 ; Point to first message 

CALL PUTS i and call routine to output 

MOV DPTR, #MSG2 ; Point to second message 
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CALL PUTS 

MOV DPTR, #MSG3 

CALL PUTS 



and call routine to output 
Point to third message 

and call routine to output 



GETCH : 



JNB RI , GETCH 

CLR RI 

MOV A, SBUF 



Wait here for received character 
Get ready for next character 
Put new character in Acc 



i If lower case character, convert to upper case 



CJNE 
GETCH_A: JC 

CJNE 

GETCH_B : JNC 
CLR 
SUBB 



A, #'a', GETCH_A 

GETCH_CONT 

A, #'z'+l, GETCH_B 

GETCH_CONT 

C 

A, #020h 



If character 
is between 'a' 
and 'z' +1 
it is lower case 
so subtract 020h 
from it 



GETCH_CONT : 

CALL PUTCH1 



GETCH1 : 

JNB 
CLR 
MOV 
GETCHl_CONT : 

CALL PUTCH 



RI1, GETCH1 
RI1 

A, SBUF1 



JMP 



* * * 

* * * 

* * * 



PUTCH : 



GETCH 



***** 
***** 
***** 



; Output character to port 1 

Wait here for received character 
Get ready for next character 
Put new character in Acc 

Output character to port 

Repeat cycle 



* * * * 

* * * * 

* * * * 



******** 



********* 



* * * Subroutines ***** 
**************** 



Output a character on port 



* * * * 



PUTS: 



PUTS_A : 



PUTCH 1 : 



MOV 


SBUF , A 


• Copy Acc to SBUF 


JNB 


TI, $ 


Wait here until TI bit set 


CLR 


TI 


■ Clear TI for next character 


RET 




Return 


* * * 


******* 


*************** 




; Output a string on port 


CLR 


A 


Make address offset zero 


MOVC 


A, 9A+DPTR 


Get next char to output 


JZ 


PUTS_A 


If zero, end of string 


CALL 


PUTCH 


Output character pointed to 


INC 


DPTR 


Point to next character 


JMP 


PUTS 


Repeat procedure 


RET 




Exit from routine 



********** 



Output a character on port 1 
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PUTS1: 



PUTS1_A: 



* * * 

* * * 



MOV 


SBUF1, A 




Copy Acc to SBUF 1 


JNB 


Til, $ 




Wait here until TI bit set 


CLR 


Til 




Get ready for next character 


RET 






Return 


* * * 


****** 


* * 


*************** 






string on port 1 


CLR 


A 




Make address offset zero 


MOVC 


A, @A+DPTR 




Get next char to output 


JZ 


PUTS1_A 




If zero, end of string 


CALL 


PUTCH1 


; 


Output character pointed to 


INC 


DPTR 


i 


Point to next character 


JMP 


PUTS1 




Repeat procedure 


RET 






Exit from routine 


* * * 


****** 


* * 


*************** 


* * * 


****** 


* * 


*************** 



* * * * 



******* 



********* 



msgl: db 'Dallas Semiconductor DS80C320', Odh, Oah, 

msg2 : db 'Serial Port Tests.', Odh, Oah, 

msg3 : db 'Characters typed in after this are converted to uppercase, 

db Odh, Oah, 



****** 
****** 



******* 



*********** 
*********** 



******** 



************ 



END 



; Program Tst2Ser 
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************** 



Program ADRECMD.ASM * * 



This program sets up the DS80C320's Port serial channel to operate 
in Multi-Processor Communications mode. In this mode, serial 
characters received that do not match a masked address are ignored 
(no interrupt generated) . The address and mask are initially set to 
recognize a <cntl>C character (03h) . When a <cntl>C is received, a 
is sent out, and characters input are "echoed" out unchanged. 



* * 

* * 



************************************** 
************************************** 



Interrupt Vectors 



ORG OOOOh 
AJMP START 



; RESET VECTOR 

; Jump to start of program 



ORG 0023h 
AJMP SERINT 



; SERIAL PORT VECTOR 

; Jump to serial interrupt routine 



************************* 
Initialization 



********* 



START : 



ORG OlOOh 

MOV IE, #0 
MOV PI, #0 



; Disable ALL interrupts 
; Clear ports PI 



Clear SMOD for divide by 64 

ANL (PCON) , #07Fh ; Clear SMOD bit 



***** 



***** 



********** 



************** 



Set up Serial Port 



MOV 



SCON, #0B8h 



SETB ESO 



Mode 2, set receive enable, 

set multi-cpu communication, and set 
TB8 to be a 1 (consistant with input) 

Enable Serial Port interrupt 



MOV SADDRO, #03h ; Set address register to <cntl>C (03h) 
MOV SADENO, #0FFh ; Set mask to all Is (no mask) 



SETB EA 



Global Interrupt enable 



************************************** 
************* Code to exercise the serial port ******* 



LOOP: 



MOV A, SADENO 
CJNE A, #00, LOOP 
CALL WAIT 

; Output a message 
MOV SBUF, #'D' 
CALL WAIT 



If <cntl>C has not been received 
continue waiting here . 
<cntl>C will be echoed, wait till 
; transmit complete. 

Put character 'D' in buffer (send it) 
Wait until flag cleared from interrupt 
service routine. 
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WAIT: 
HERE: 



SERINT: 



SER_A: 



SER_X : 



MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

MOV 

CALL 

SJMP 



* * * * 

* * * * 
MOV 
CJNE 
RET 

* * * * 

* * * * 

CLR 

JNB 
CLR 
SJMP 



SBUF, 

WAIT 

SBUF, 

WAIT 

SBUF, 

WAIT 

SBUF, 

WAIT 

SBUF, 

WAIT 

SBUF, 

WAIT 

SBUF, 

WAIT 

SBUF, 

WAIT 

SBUF, 

WAIT 



#'S' ; Repeat for 'S' 

#'8' j Repeat for '8' 

#•0' ; Repeat for '0' 

# ' C ' | Repeat for ' C ' 

#'3' ,- Repeat for '3' 

#'2' j Repeat for '2' 

#'0' s Repeat for '0' 

#00Dh ; Repeat for <cr> 

#0OAh j Repeat for <lf> 



Continuous loop. Only serial 

interrupts exit loop. Characters are 
echoed. 



***** 



******** 



* * * 



Subroutine to wait for a serial interrupt * * * * 
Rl, #0FFh ; Serial ISR clears Rl when complete 

Rl, #0000h, HERE 



****************** 
********** 



********* 



ESO 

TI, SER_A 
TI 

SER_X 



CLR 
MOV 
MOV 
MOV 
MOV 

MOV 

SETB 
RET I 



Rl 

A, SBUF 
SADENO, #0 
PI, A 
SBUF, A 

Rl, #00h 

ESO 



Serial Interrupt Service Routine * * * 
; Disable serial interrupts 

; If TI=0, must be receive complete interrupt 
; Else must be transmit complete interrupt 



Clear the receive bit 
Get the character 
Clear address mask register 
Display character on port 1 
and echo it 

Indicate interrupt has been serviced 

(i.e. exit wait) 
Re-enable serial interrupts 
Return from interrupt 



************ 



************ 



************** 



END 



Program ADRECMD 
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APPENDIX A : CONSTANT DEFINITIONS 



* * * 


* * * * 


******* 


************************** 


* * * 

' 


* * * * 


******* 


********* DEFINITIONS ******** 




Def ine 


Register Addresses 


PCON 


EQU 


087h 


• Contains SMOD baud rate doubler bit 


TCON 


EQU 


088h 


• Control for timer 1 and 


TMOD 


EQU 


089h 


■ Mode register for timers 1 and 


TL1 


EQU 


08Bh 


Timer 1 low ( count ) byte 


TH1 


EQU 


08Dh 


Timer 1 high ( reload ) byte 


CKCON 


EQU 


08Eh 


Clock Control register 


PI 


EQU 


090H 




SCON 


EQU 


098h 


■ Control for serial port 


SBUF 


EQU 


099h 


t a bn f fe>r for qpri al nnrt 


IE 


EQU 


0A8h 


• Interrupt enables 


SADDRO 


EQU 


0A9h 






EQU 




LUilLIUl J-UI OCI -L.Cl.-L LJUJ. l_ -L 


SCON1 


EQU 


OCOh 


SBUF1 


EQU 


OClh 


ri3l~3 buffer* "FnT* QpaTT^il nnrf 1 


T2CON 


EQU 


0C8h 


1 IHIcI Z LUJILI Ul X. try J.3LKI. 


RpapOT, 


EQU 




llltlcl z low uyLe OL IclOaU i cry -Lfc> UKi 


RCAP?H 


EQU 




X -Llllfcr x. Z iixy 11 -LJy Lc Ul .L fcr ± UctU IcyioLcI 


TL2 


EQU 




1 -Llllcr-L ^ 1UW JjyL.tr Ul t-UUIlL x. fcjy.Lt> LtrX. 


TH2 


FOTT 


OCDh 


• Timer 2 high byte of count register 


11 WIN 


EQU 


0D8h 


• Watchdog Control register 


; 


Define 






TR1 


EQU 






RI 


EQU 


u j on 


oci ldi poll u receive liiLenupL Lidy 


TI 


EQU 




oeiidi poiL U LI dllfajni L lriufc^x x upj l Liay 


REN 


EQU 


09Ch 


Serial port receive enable bit 


SM2 


EQU 


09Dh 


Serial port mode bit 2 


SMI 


EQU 


09Eh 


Serial port mode bit 1 


SMOFE 


EQU 


09Fh 


Serial port mode bit 


RI1 


EQU 


OCOh 


Serial port 1 receive interrupt flag 


Til 


EQU 


OClh 


Serial port 1 transmit interrupt flag 


REN1 


EQU 


0C4h 


Serial port 1 receive enable bit 


SM21 


EQU 


0C5h 


Serial port 1 mode bit 2 


SM11 


EQU 


0C6h 


Serial port 1 mode bit 1 


SM0FE1 


EQU 


0C7h 


Serial port 1 mode bit 


TR2 


EQU 


OCAh ; Timer 2 enable bit 


ET1 


EQU 


OABh 


Timer 1 interrupt enable 


ESO 


EQU 


OACh 


Serial port interrupt enable 


ESI 


EQU 


OAEh 


Serial port 1 interrupt enable 


EA 


EQU 


OAFh 


Global interrupt enable 



Define Constants 
Timer 1 Reload Values 



REL57 6 


EQU 


OFFh 


; Reload 


value for 57600 baud, SMOD = 


= 1 


REL96 


EQU 


OFDh 


; Reload 


value for 9600 baud, SMOD = 





REL24 


EQU 


0F4h 


; Reload 


value for 2400 baud, SMOD = 





REL12 


EQU 


0E7h 


; Reload 


value for 2400 baud, SMOD = 





; Timer 


2 Reload Values 








T2RL57H 


EQU 


OFFh 


; 16-bit 


Reload value for 57600 baud 




T2RL57L 


EQU 


OFAh 








T2RL96H 


EQU 


OFFh 


; 16-bit 


Reload value for 9600 baud 
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T2RL96L 


EQU 


ODCh 














j. & r\.j_/Zi *±ri 


EQU 


OFFh 


i 16 


-b"i t~ Rpl n^r] 






2400 


baud 


T2RL24L 


EQU 


070h 














T2RL12H 


EQU 


OFEh 


i 16 


-bit Reload 


value 


for 


1200 


baud 


T2RL12L 


EQU 


OEOh 














. * * * 


* * * * 


* * * * 


***** 


****** 


* * * 


* * 


* * 


* * * 



APPENDIX B: MAXIMUM BAUD RATES 

It is frequently asked, what the maximum possible baud rate is for a particular serial mode of the DS80C320. Assum- 
ing a 25MHz crystal, the following table shows the maximum possible baud rates for the four primary serial modes. 



MODE 


MAXIMUM BAUD, 25 MHz 


MAXIMUM BAUD, 33 MHz 





6,250,000 


8,250,000 


1 


390,625 


515,625 


2 


781,250 


1,031,250 


3 


390,625 


515,625 
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Application Note 78 

Using Power Management 
with the DS87C5xO 



OVERVIEW 

Power management is critical in battery-powered 
applications. Differences of microamperes can trans- 
late into months or years of operating life, wl 
make or break a product in the marketplace, 
level of integration of Dallas Semiconductor microcon- 
trollers make them ideal for portable or battery-oper- 
ated applications which demand low power consump- 
tion. By combining the processor and peripherals onto a 
single die, redundant hardware is eliminated, and power 
savings are achieved. In addition, power management 
features designed into the DS87C5xO High-Speed 
Microcontrollers further reduce power consumption. 

Dallas Semiconductor microcontrollers are manufac- 
tured with a Complementary Metal Oxide Semiconduc- 
tor (CMOS) process which makes them inherently low 
power devices. Unlike other technologies, CMOS 
devices have an infinitesimal quiescent current and only 
draw significant currents when switching logic states. 
This means that without further intervention, the user 
has already designed a low power system. The power 
management features of the DS87C5xO family of micro- 
processors allow the system designer to effect an even 
greater reduction in power. The maximum current con- 
sumption in both operating and halted states of the 
microcontroller is shown below. 

Maximum Current, 25 MHz 

Slowest Operating Speed (PMM2) Osc. Halted 
DS87C520 1.2 mA 1 uA 

A number of factors can affect power consumption that 
are generally beyond the ability of the device to control 
during operation. The single largest factor in power con- 
sumption of a microcontroller is clock frequency. The 
power consumed by a microprocessor is directly pro- 
portional to its operating speed, so it follows that a 
device operating at the lowest possible frequency will 
produce the maximum power savings. The speed cho- 
sen depends on the system requirements, most notably 
interrupt service time. Temperature can also affect 
power consumption. Semiconductor devices draw 



greater power at lower temperatures. If the system 
under development is being designed for cold tempera- 
tures, the designer should expect higher than typical 
power consumption values. System design also has a 
direct bearing on power consumption, and driving large 
external loads will increase power consumption. 

This application note covers the DS87C520 and 
DS87C530 High-Speed Microcontrollers. Their power 
management features are explained, and techniques 
are presented for minimizing power consumption. 
Because the power management feature operates in 
conjunction with many of the peripheral functions, espe- 
cially the interrupt and serial functions, the user is urged 
to become familiar with the overall operation of the pro- 
cessor before beginning this section. 

The DS87C5xO incorporates a number of new features 
specifically designed for power management. They 
were designed to reduce power consumption without 
sacrificing throughput or responsiveness to external 
events. These features are listed below: 



DYNAMIC CLOCK SPEED CONTROL 

The High-Speed Microcontrollers support four clock 
management modes: Stop, PMM1 (Power Manage- 
ment Mode 1), PMM2 (Power Management Mode 2), 
and Idle. The DS87C5xO can dynamically switch 
between these modes, allowing the user to optimize the 
speed of the device while minimizing power consump- 
tion. The Stop mode has been improved over standard 
8051 capabilities, and now supports resume from exter- 
nal interrupts as well as reset sources. 

SWITCHBACK 

The DS87C5xO incorporates an automatic "switchback" 
feature to allow a device operating in a Power Manage- 
ment Mode (PMM) to switch into "high gear" upon 
receipt of an external interrupt or serial port transmis- 
sion. This enables a device in power-saving mode 
respond quickly to external events and/or operate its 
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serial ports. Traditional 8051-based devices without the 
switchback feature lose the ability to service interrupts 
quickly without running the device at high speed, and 
higher power consumption, constantly. 

SELECTABLE CLOCK SOURCE 

The crystal oscillator is a large consumer of power on 
any microcontroller, especially during low power opera- 
tion. The DS87C5xO ring oscillator, used for quick starts 
from Stop mode, can also be used to provide an approxi- 
mately 3 to 4 MHz clock source during normal operation. 
Although a crystal oscillator is still required at power-up, 
once the crystal has stabilized, device operation can be 
switched to the ring oscillator, realizing a power savings 
of as much as 25 mA. 

BAND-GAP REFERENCE DISABLING 

The DS87C5xO gives the user the option of disabling the 
band-gap reference, which is used to detect a power 
failure while in Stop mode. Stop mode current can be 
reduced from 80 uA to 1 uA by using this feature. 

ENHANCED STATUS REPORTING 

Although the ability to dynamically switch the internal 
clock speed is a benefit, if performed at the wrong time it 
can seriously interfere with the operation of timing-de- 
pendent functions. The Status register (STATUS;C5h), 
new to the DS87C5xO devices, contains information 
about the status of both serial ports, the crystal oscilla- 
tor, and high priority, low priority, and power fail inter- 
rupts. The software can delay or cancel a planned 
speed change based on the information in this register. 

CLOCK SPEED CONTROL 
Description 

The operating frequency of a microcontroller is the 
single biggestfactor in determining power consumption. 
The DS87C5xO family of microcontrollers supports four 
clock speed management modes which conserve 
power by slowing or stopping the internal clock. These 
modes allow the system designer to maximize power 
savings with a minimum impact on performance. 

PMM1 

Power Management Mode 1 (PMM1 ) allows the user to 
run the DS87C5xO at a reduced speed to save power. 
Setting the clock divider rate bits (PMR.7-6) will force 
the part from its default 4 clocks per machine cycle 



(divide by 4) to 64 clocks per machine cycle (divide by 
64). The external crystal continues to operate at full 
speed. All peripherals and instructions will operate at 
this reduced speed. The DS87C5xO can resume divide 
by 4 operation by setting the appropriate clock divider 
rate bits or by utilizing the switchback feature. 

PMM2 

Power Management Mode 2 (PMM2) allows the user to 
run the DS87C5xO at an even slower speed to improve 
power savings. Setting the clock divider rate bits 
(PMR.7-6) will force the part from its default 4 clocks per 
machine cycle (divide by 4) to 1 024 clocks per machine 
cycle (divide by 1 024). The external crystal continues to 
operate at full speed. All peripherals and instructions will 
operate at this reduced speed. The DS87C5xO can 
resume full-speed (divide by 4) operation by setting the 
appropriate clock divider rate bits or by utilizing the 
switchback feature. This mode permits an even greater 
power savings over PMM1 . 

STOP MODE 

The Stop mode is the lowest power state available to the 
DS87C5xO. It is initiated by setting the Stop bit 
(PCON.1). While in this mode the crystal oscillator is 
stopped, and all internal clocking, including the Watch- 
dog Timer, is halted. The real time clock on the 
DS87C530 is unaffected by Stop mode. The Stop mode 
is exited by an external interrupt, real-time clock inter- 
rupt, an external reset via the RST pin, or a power-on 
reset. Each interrupt will cause the device to vector to 
the corresponding interrupt routine to resume execu- 
tion. 

The DS87C5xO incorporates a ring oscillator to allow for 
a fast resumption from Stop mode. This provides an 
instantaneously available 4 MHz clock source for the 
device to start operation. It can function until the crystal 
has stabilized, or can continue to be used as the clock 
source. The ring oscillator does not exhibit as much sta- 
bility as an external clock, and the device should not per- 
form timing measurements requiring high accuracy or 
serial port data transfers while operating from the ring 
oscillator. For more information concerning the use of 
the ring oscillator, please consult the Clock Source Con- 
trol section of this document. 
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IDLE MODE 

The Idle mode halts operation of the DS87C5xO proces- 
sor core but leaves internal clocks, serial ports, and tim- 
ers running. This mode is invoked by setting the IDL bit 
(PCON.O), and can be exited by an interrupt or external 
reset via the RST pin. Use of this mode is not recom- 
mended on new designs, as lower power operation can 
be achieved by placing the part in PMM2 and executing 
NOPs. Its inclusion in the DS87C5xO provides back- 
ward software compatibility. 

POWER MANAGEMENT MODES 

The greatest power savings come from utilizing the 
power management modes associated with the 
DS87C5xO. Unlike other techniques, Power Manage- 



ment Modes 1 and2(PMM1 and PMM2) allow the user 
to reduce power consumption without sacrificing perfor- 
mance. Although the power management features are 
an important part of a power efficient design, a thorough 
understanding of the microprocessor will allow the sys- 
tem designer to achieve maximum power savings. 



The clock speed management modes are designed to 
be part of a progressive level of power reduction, based 
on external activity and performance needs. PMM1 and 
PMM2 provide the lowest level of power consumption 
while still permitting full computational and peripheral 
operation. Figure 1 demonstrates the progression of 
clock management modes. As explained later, transi- 
tions between PMM1 and PMM2 must be made through 
divide by 4 mode. 



PROGRESSION OF CLOCK SPEED MODES Figure 1 



^ power on ;-*» 



DIVIDE BY 4 
MODE 



PMM1 
(DIV. BY 64) 



PMM2 
(DIV. BY 1024) 







STOP MODE 



' 
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ENTERING AND EXITING POWER 
MANAGEMENT MODES 

Software invokes the desired power management 
mode using bits in the Power Management Register 
(PMR). Stop mode is invoked by setting the STOP bit 
(PCON.1). The device speed is selected by the clock 
divider rate bits CD1, CDO (PMR.7-6), shown below. 

CLOCK DIVISOR RATE BIT SETTINGS 



CD1 


CDO 


MACHINE CYCLE RATE 








Reserved 





1 


4 clocks (default) 


1 





64 clocks (PMM1) 


1 


1 


1024 clocks (PMM2) 



PMM1 and PMM2 can be exited by configuring the clock 
divider rate bits CD1 , CDO, or by the switchback func- 
tion. Entry to or exit from either PMM can only be via the 
divide by 4 mode. For example, to go from PMM1 (divide 



by 64) to PMM2 (divide by 1 024) mode, it is necessary to 
first switch from PMM1 to divide by 4 mode, and then 
from divide by 4 to PMM2. Attempts to execute an illegal 
speed change will be ignored and the bits will remain 
unchanged. It is the responsibility of the software to test 
for serial port activity using the Status register (STA- 
TUS;C5h) before attempting to change speed. Chang- 
ing speed during an asynchronous serial port operation 
will corrupt the serial transmission. 

When PMM is invoked, the external crystal will continue 
to operate at full speed, and the DS87C5xO will still 
execute four internal states per machine cycle. In PMM 
the device performs an internal divide of the external 
clock, by 16 for PMM1 (16 x 4=64) or 256 for PMM2 
(256 x 4=1024) to achieve the desired frequency, as 
opposed to actually performing 64 or 256 internal states 
per instruction. For example, operations that occur dur- 
ing C2 will still do so. Most applications will not find it 
necessary to attend to this much detail, but the informa- 
tion is provided for calculating critical timings. 



INTERNAL TIMING RELATIONSHIPS IN PMM1 Figure 2 

SINGLE-CYCLE INSTRUCTION 

MACHINE CYCLE 



MACHINE 
CYCLES 



C1 



C2 



C3 



C4 



SINGLE-CYCLE 
INSTRUCTION 



MACHINE CYCLE 



C1 



C2 



ALE 



INTERNAL 

CLOCK 

(PMM1) 



EXTERNAL 
CLOCK 



I HIHIIIIIIHIII 



64 CLOCK CYCLES 
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cedures. Timed Access operates in relation to internal 
machine cycles, not an absolute time reference. 



TIMERS AND PMM 

Timers 0, 1 , and 2 will default on power-up to a 1 2 exter- 
nal clocks per timer tick to remain compatible with the 
original 8051/8032 specifications. The timers can be 



divide by 4 mode by setting the relevant bits in the Clock 
Control Register (CKCON;8Eh). During PMM timers 0, 
1, and 2 operate at correspondingly reduced clock 
rates, because the timers derive their time base from the 
internal clock. This will also affect the operation of the 
serial ports in PMM as the timers are used to generate 
baud rates. Table 2 shows the effect of the clock divide 



rate on timer operation. 



EFFECT OF CLOCK MODES 



riMER OPERATION Table 2 



CD1 


CDO 


osc. 

CYCLES PER 
MACHINE 
CYCLE 


OSC. CYCLES 
PER TIMER 

0/1/2 CLOCK 


OSC. CYCLES 
PER TIMER 2 
CLOCK, BAUD 
RATE GEN. 


OSC. CYCLES 
PER SERIAL 
PORT CLOCK 
MODE0 


OSC. CYCLES PER 
SERIAL PORT 
CLOCK MODE 2 






TxM=1 


TxM=0 


T2M=1 


T2M=0 


SM2=0 


SM2=1 


SMOD=0 


SMOD=1 








Reserved 





















1 


4 


12 


4 


2 


2 


12 


4 


64 


32 


1 





64 (PMM1) 


192 


64 


32 


32 


192 


64 


1024 


512 


1 


1 


1024 (PMM2) 


3072 


1024 


512 


512 


3072 


1024 


16,384 


8192 



The watchdog timer runs off the same time base as the 
internal clocks; i.e. if the device is in PMM1 , the watch- 
dog will also be running in a divide by 64 mode. This 
keeps the watchdog timer synchronized with the opera- 
tion of the processor when switching between PMM and 
divide by 4 mode. Applications that use the watchdog 
timer as an additional timer should take this into account 
if PMM is used. 

The real time clock is independent of the PMM setting. It 
uses the external 32 KHz crystal as its reference, and 
can be accessed in any mode. 

MANUALLY EXITING PMM 

In addition to the switchback feature, it is also possible 
to manually exit a PMM by configuring the clock divider 
rate bits. Entry to or exit from either PMM can only be via 
the divide by 4 mode, and attempts to execute an illegal 
speed change will be ignored and the bits will remain 
unchanged. If a timing-dependent operation may be in 
progress, the Status register (STATUS;C5h) should be 
interrogated to determine if it has been completed 
before switching out of or into PMM. 



RESET SENSITIVITY IN PMM 

While in PMM, the method used to detect an external 
reset pulse differs from that used in divide by 4 mode. In 
divide by 4 mode, (and standard 8051 architecture) a 
reset must be high for two machine cycles to be 
detected. If this were true in PMM, reset would have to 
be asserted for a minimum of 1 28 or 2048 clock cycles. 
To avoid this, devices operating in PMM employ a posi- 
tive edge-detect sensor, rather than a one machine 
cycle qualification to detect a reset signal. This means 
that devices which use PMM are more susceptible to 
noise and additional care must be taken to keep the 
reset signal noise-free. 



SWITCHBACK FEATURE 
Description 

The switchback feature allows the user to quickly 
restore the DS87C5x0 to a higher speed when an event 
occurs. When enabled, a qualified event causes the 
device to automatically switch from divide by 64 (PMM 1 ) 
or divide by 1 024 (PMM2) to divide by 4 operation with- 
out software intervention. This allows the device to 
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respond to high priority or interrupt driven events with a 
minimum delay. The following sources can trigger a 
switchback: 

external interrupt 0/1/2/3/4/5, 

serial start bit detected, Serial Port 0/1 , 

transmit buffer loaded, Serial Port 0/1 , 

watchdog timer reset, 

power-on reset, 

external reset. 

Because of the intimate relationship between PMM, 
switchback, external interrupts, timer/counters, and the 
serial ports, it is highly recommended that the system 
designer become familiar with these features before 
attempting to use the switchback feature. 

Status Register 

A Status register (STATUS;C5h) has been added to the 
DS87C5xO to aid the software in determining whether a 
speed change is appropriate. The Status register pro- 
vides information on the status of both serial ports, and 
high priority, low priority, and powerfail interrupts, allow- 
ing the device to determine whether or not the device 
should be switched into PMM. 

The benefits of the Status register become apparent 
when using the switchback feature to exit or enter PMM. 
A device executing an interrupt service routine in PMM 
will not execute a switchback in response to an interrupt 
of equal or lower priority. The Status register can be 
used to test for an interrupt service routine in progress, 
and can hold off entering PMM until finished, or take 
another course of action. 

Enabling/Initiating switchback 

Automatic switchback is enabled by setting the SWB bit 
(PMR.5). When a qualified switchback event occurs, 
the device will exit either PMM and return to the default 
operating mode of 4 clocks per machine cycle. Clearing 
the SWB bit will disable the ability of external interrupts 
and serial ports to cause future switchbacks, but will not 
affect the current speed of the DS87C5xO. Five condi- 
tions must be met for an external interrupt to cause a 
switchback: 

1 . The device must currently be in PMM1 or PMM2. 

2. The SWB bit (PMR.5) must be set. 

3. Global Interrupts must be enabled by setting the EA 
bit (IE.7). 



4. The specific interrupt must be enabled. 

5. The specific interrupt occurs and is acknowledged. 

Switchbacks via the serial port are slightly different. In 
general, switchbacks are caused by interrupts. In the 
case of the serial ports, this introduces a problem as 
they generate interrupts only upon receipt or transmis- 
sion of a complete word. For the serial port to properly 
receive or transmit a word at standard baud rates, it 
must be operating at full speed. If the DS87C5xO is 
operating in PMM, it would never complete a reception 
to initiate an interrupt, or the corresponding switchback. 

The DS87C5xO solves this problem by initiating a 
switchback, if enabled, upon the receipt of a falling edge 
on the RX pin, not the receiver interrupt. This switches 
the device back to full speed on the next internal 
machine cycle, in time to capture the start bit, and the 
rest of the transmission. Note that the ability of the serial 
port to initiate a switchback is not dependent on the 
Enable Serial Port Interrupt bits (IE.4 or IE.6), only the 
specific Receiver Enable bit (SCON0.4 or SCON1.4). 
Four conditions must be met for a serial port reception to 
cause a switchback: 

1 . The device must currently be in PMM1 or PMM2. 

2. The SWB bit (PMR.5) must be set. 

3. The specific serial port must be enabled by setting 
the specific Receiver Enable bit (SCON0.4 or 
SCON1.4). 

4. A falling edge is detected on the specific RX pin. 

The switchback feature also works in conjunction with 
the transmit function. If the appropriate conditions are 
met, a device operating in a PMM will automatically 
return to divide by 4 mode when a serial port buffer 
(SBUF0;99h or SBUF1;C1h) is loaded. This removes 
the need for the user to manually set the speed to divide 
by 4 before initiating the transmission. The transmitter 
interrupt can be used to signal when the transmission is 
complete so that software can return the device to the 
appropriate PMM. Three conditions must be met for a 
serial port transmission to cause a switchback: 

1. The device must currently be in PMM1 or PMM2. 

2. The SWB bit (PMR.5) must be set. 

3. A serial port transmission must be initiated by load- 
ing the specific serial port buffer (SBUF0;99h or 
SBUF1;C1h). 
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Although both the serial port transmit and receive func- 
tions are possible in PMM, it is not possible to configure 
the baud rate generatorto any standard rate (300, 1 200, 
2400, etc.) in these modes, making it impossible to com- 
municate with a standard peripheral. The use of the 
switchback feature is strongly recommended if serial 
port activity and PMM are to be used in a design. 

CONSIDERATIONS WHEN USING 
SWITCHBACK 

Switchback Timing 

One of the primary considerations when using the 
switchback procedure is the time required to return the 

INTERRUPT-DRIVEN SWITCHBACK Figure 3 



device to full speed from a PMM. This is a factor in calcu- 
lating the latency associated with servicing an interrupt. 
Switchbacks will occuratthe C1 cycle of the first instruc- 
tion following the event initiating the switchback. If the 
current instruction in progress is a write to the IE, IP, EIP 
or EIE register, interrupt processing will be delayed until 
the completion of the following instruction. Figure 3 
demonstrates the timing relationship between inter- 
rupts and switchbacks during a two-cycle instruction. 



PMM1 OR PMM2 ■ 



MACHINE CYCLE 1 



C1 



C2 



C3 



C4 



MACHINE CYCLE 2 ■ 



C1 



INTERNAL 
CLOCK 



C2 


C3 











C4 



FULL 
OPERATION 



MACHINE 
CYCLE 4 



MACHINE 

CYCLE 3 

Cliche:) C4C1 

MITlMI 



INTERRUPT 
SOURCE 



EXTERNAL 
INTERRUPT 
FLAG 



INTERRUPT 
INACTIVE 



INTEHRUPT ACTIVE 











NOTES: 

1 . Internal clock cycle is 1 6 external clock cycles for PMM1 and 256 external clock cycles for PMM2. 

2. Polarity of interrupt varies with respect to external interrupt number. 



3. Example shows two-cycle instruction. Execution of the interrupt and switchback will occur at the end of the 
last machine cycle of the instruction in which the interrupt is acknowledged. 
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One exception to the above timing relationship is that 
serial port switchbacks will occur immediately upon 
receipt of a falling edge on an enabled serial port 
receiver. The switchback will occur at the start of the 



next internal clock cycle following the falling edge. Fig- 
ure 4 demonstrates the timing relationship between 
serial port activity and switchbacks. 



SERIAL PORT DRIVEN SWITCHBACK Figure 4 



■« — 



PMM1 OR PMM2 ' 



MACHINE CYCLE 1 



MACHINE CYCLE 2 ■ 



FULL 
OPERATION 



MACHINE 
CYCLE 3 



C2 



C1 



C2 



INTERNAL 

CLOCK 



Cl|CqC3|c^C 



ALE 



RX 



n 



SERIAL START BIT 



SPRAO. //////////// / 

SPRA1 

NOTES: 

1. Internal Cx cycle is 16 external clock cycles for PMM1 and 256 external clock cycles for PMM2. 

2. SPRAO and SPRA1 will change within 1 machine cycle of the falling edge RX. 

3. Example shows single-cycle instructions. Execution of the interrupt and switchback will occur at the end of 
the last machine cycle of the instruction in which the interrupt is acknowledged. 



Interrupt Priority 

Because the switchback feature uses interrupts to qual- 
ify execution, it is affected by interrupt priorities. The 
external interrupts initiate a switchback upon the start of 
the interrupt service routine. If a higher priority interrupt 
is in progress, the associated switchback will remain 
pending. It is not possible to enable or disable the 
switchback function for individual interrupt sources, 
except by enabling or disabling the specific interrupt. 

The following example will illustrate how a problem 
could occur if the priority of the interrupt sources is not 
taken into account. Assume that the user is employing 
both Timer and External Interrupt 1 in a design which 
utilizes PMM. While operating in PMM, a Timer inter- 
rupt occurs, and the device begins executing the inter- 
rupt service routine (ISR). During the Timer ISR, an 
External Interrupt 1 occurs, signaling an external event 



that needs to be serviced quickly. Because both inter- 
rupts have the same priority, External Interrupt 1 will 
remain pending until completion of the Timer ISR. 
Although such interrupt priorities are a normal consider- 
ation in any design, the reduced operating speed in 
PMM will further increase the latency associated with 
servicing External Interrupt 1 . This could be avoided by 
specifying External Interrupt 1 as a high priority interrupt 
and leaving Timer as a low priority interrupt. 

A serial port-initiated switchback does not utilize the 
interrupt structure, and is therefore not affected by inter- 
rupt priorities. Serial port-initiated switchbacks are 
enabled or disabled via the specific receiver enable bit 
(SCON0.4orSCON1.4). The ability of a serial port to ini- 
tiate a switchback is not dependent on the Enable Serial 
Port Interrupt bits (IE.4 or IE.6). 
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clock frequency of the DS87C5xO, timing-dependent 
peripherals such as the serial ports can be affected. The 
user must be sure that the serial ports are not receiving 
or transmitting when switching into PMM. The simplest 
way to do this is to interrogate the serial port activity bits 
in the Status register (STATUS.3-0). 

During a receive operation, the falling edge of the start 
bit will activate the switchback, if enabled. The serial 
port activity monitor bit will be set, and the serial port will 
then check for a valid start bit. If the start bit is received, 
the serial reception will continue normally, and generate 
an interrupt when the entire word is received, if enabled. 
To minimize power consumption, PMM may be enabled 
again at the start of the serial port interrupt service rou- 
tine if no further processing is needed in divide by 4 
mode. 

It is possible to experience a "spurious" switchback 
caused by a noisy serial port. The DS87C5xO initiates a 



received, the system will abort the serial activity, clear- 
ing the activity bit, and no serial port interrupt will be 
executed. The switchback has already been initiated, 
however, and the device is now operating at full speed. 
To return the device to PMM, it will be necessary for the 
user to manually reset the clock rate divider bits. 

The code fragment shown in Figure 5 illustrates one 
possible test for an invalid return to divide by 4 mode. 
This test can be inserted into the main code loop where it 
will be periodically executed, or it could be made part of 
a timer interrupt routine. If no interrupts or serial ports 
are active, it is likely that the device should be in PMM, 
not divide by 4 mode. This code should be customized 
according to the specific configuration, i.e. if a PMM 
should be allowed in a low priority interrupt, then mask 
out that bit when testing the Status register. 



INVALID SWITCHBACK TEST EXAMPLE Figure 5 



MODETEST : 



CHK_STAT : 



PUSH 

MOV 

JB 

MOV 

AND 

JNZ 



ENA_PMM : OR 



A 

A, PMR 
E7 , PMM_ON 
A, STATUS 
A, #0EFh 
CHK STAT 



PMR, #0C0h 



PMM_ON : 



POP 



,-Save the current value of the accumulator. 

,-Move the data to a bit-addressable register. 

;If bit 7 is set, device is already in PMM. 

; Check status register for active interrupts. 

; Check for user-defined activity. 

;If activity, loop until complete. 

; (Code can either loop until the condition 

; clears or abort attempt to reenter PMM.) 

; Status okay for return to PMM. Set Clock Rate 

; Divider bits (example shows return to PMM2) 

; Restore accumulator. 



Multiprocessor Communications in PMM 

The effectiveness of PMM and the switchback feature is 
affected if multiprocessor communications protocols 
are used. The DS87C5xO includes features that will 
support multiple processors on the same serial port. In 
serial port modes 2 and 3 it is possible to use the SM2 
flag (SCON0.5 or SCON1 .5) to signify that the received 
byte is an address. The slave address recognition regis- 
ters (SADDR0;A9h, SADDR1;AAh, SADEN0;B9h, 
SADEN1;BAh) can be programmed to ignore a trans- 
mission (not cause a receiver interrupt) when a received 
address does not match a user defined pattern. 

The implication of multiprocessor communications for 
power management is that a switchback is generated by 



the detection of the first falling edge on a serial port, not 
the generation of a valid interrupt. As a result, an invalid 
address which should be ignored by a particular proces- 
sor will still generate a switchback. Normally, the part 
could be returned to PMM at the start of the serial port 
interrupt service routine. Unfortunately, in the above 
mentioned case no interrupt will be generated. To allevi- 
ate this problem, one should avoid using a multiproces- 
sor communication scheme in conjunction with PMM. If 
the system power considerations will allow for an occa- 
sional erroneous switchback, the polling scheme shown 
in Figure 5 can be used to place the device back into 
PMM. 
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CLOCK SOURCE CONTROL 
Description 

The DS87C5xO incorporates a number of features to 
control the clock source to the device. By controlling the 
source of the system clock, the system designer can 
simultaneously achieve higher performance and 
decreased power consumption. To provide maximum 
flexibility, the DS87C5xO will operate from three clock 
sources: 

1 . External Crystal (using internal crystal oscillator), 

2. External Clock Oscillator, 

3. Internal Ring Oscillator. 

EXTERNAL CRYSTAL 

The most common clocking source for the DS87C5xO is 
an external crystal. The DS87C5xO incorporates a crys- 
tal amplifier which is designed to drive industry standard 
crystals over the operating range of the device. External 
crystals provide a highly accurate clock source for tim- 
ing-dependent peripherals such as internal timers and 
serial ports, as well as device operation. The DS87C5xO 
requires a fundamental-mode, parallel-resonant (also 
called anti-resonant) AT cut crystal. Crystal oscillators 
have significant start up times, however, which can 
delay the operation of the device when powering on or 
resuming from the Stop mode. The DS87C5xO must 
start operation with an external crystal or external clock 
source after a power-on reset. 

EXTERNAL CLOCK SOURCE 

If a clock oscillator is already present in the system, it 
can be used as the external clock source for the 
DS87C5xO. External clock oscillators suffer from the 
same start-up delays as the internal crystal oscillator, 
and do not provide any special benefits. Either an exter- 
nal crystal or external clock source can be used to clock 
the device following a power-on reset or power-fail 
reset. 



RING OSCILLATOR 

The ring oscillator is a low power digital oscillator inter- 
nal to the DS87C5xO. It can be used as the primary sys- 
tem clock, instead of an external crystal or clock oscilla- 
tor, at any time except immediately following a 
power-on reset. When enabled, it provides a 4 MHz 
clock source for device operation. This is typically a 
lower frequency than the system clock, and this pro- 
vides a significant power savings. Once the device has 
switched to the ring oscillator as the clock source, the 
external crystal amplifiercan be disabled, further reduc- 
ing power consumption. 

In addition, the ring oscillator eliminates the delay 
associated with a crystal oscillator and provides an 
almost instantaneous startup from Stop mode. When 
used to restart the DS87C5xO from Stop mode, the ring 
oscillator will function for a minimum of 65,536 clock 
cycles, at which time it can automatically switch to the 
external crystal or continue to run from the ring oscilla- 
tor. The ring oscillator cannot be used to clock the 
device from a power-on state, however. Because the 
ring oscillator does not exhibit as much stability as an 
external clock, the DS87C5xO should not perform timing 
measurements or serial port data transfers while using 
the ring oscillator as the clock source. 

The ring oscillator finds wide applicability in applications 
that only require sporadic bursts of processing. Such a 
system will occasionally awaken from Stop mode, per- 
form some activity, and then return to Stop mode. The 
ring oscillator allows the system to quickly switch from 
the lowest power state, perform an operation, and then 
return to a low power state, without restarting a halted 
external crystal. Figure 6 shows the advantages of 
restarting from Stop mode with and without the ring 
oscillator. 
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ADVANTAGES OF RING OSCILLATOR Figure 6 

STOP MODE WITHOUT RING STARTUP 



ENTER STOP 
MODE 



ENTER STOP 
MODE 



uC OPERATING 



CRYSTAL 
OSCILLATION 



RING 

OSCILLATION 



INTx 



POWER 

CONSUMPTION 




1 . Crystal Warm up period is 4 to 1 ms depending on crystal type and speed. 

I WITH RING STARTUP 



CRYSTAL 
OSCILLATION 



RING 

OSCILLATION 



POWER 

CONSUMPTION 




ENTER STOP 
MODE 



uC HALTED 



uC OPERATING 1 ' 



uC HALTED 




u 







POWER SAVED 2 

/////A 



1 . Diagram assumes that the operation following Stop requires less than 1 8 ms to complete. 

2. Additional power savings due to decreased ring oscillation current compared to crystal amplifier. 



Even if timing-dependent functions are necessary 
shortly after resuming Stop mode, the ring oscillator 
may be beneficial. Typically there is some processing 
that is necessary along with a timing routine or serial 
port transmission. Prior to executing the Stop com- 
mand, the device should switch to the crystal as the 
clock source and set the RGSL bit. Upon resuming from 
Stop, the device can execute code while running from 
the ring oscillator in preparation for the timing depen- 
dent operation. The device can then loop until the 
RGMD bit has been cleared, indicating that the crystal 



or external clock source is now the clock : 
timing dependent operations can begin. 

CLOCK CONTROL BITS 

There are a number of bits that are used to configure the 
clock management modes of the DS87C5xO. These 
allow the system to switch between different clock 
sources, indicate the current status of the clock source, 
and select how the device will resume from Stop mode. 
The pertinent bits are shown in Table 3. 
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CLOCK CONTROL AND STATUS BIT SUMMARY Table 3 



BIT 
NAME 


LOCATION 


FUNCTION 


RESET 


WRITE ACCESS 


XT/RG 


EXIF.3 


Crystal/Ring Clock Source Select. 

= Select ring oscillator as clock source. 

1 = Select crystal or external clock as clock 

source. 


1 


anytime; 

1 when XTUP=1 
and XTOFF=0 


RGMD 


EXIF.2 


Ring Oscillator Mode Status. 
0= Crystal or external clock is current clock 
source. 

1 = Ring oscillator is current clock source. 





None 


RGSL 


EXIF.1 


Ring Oscillator Select, Stop Mode. 

= Crystal or external clock will be the clock 

source when resuming from Stop mode. 

1 = Ring oscillator will be the clock source 

when resuming from Stop mode. 

Note: Upon completion of crystal warm up 
period, device will switch to clock source 
designated by XT/RG bit. 


Unchanged 
except after pow- 
er-on reset, when 
it is cleared to 0. 


Unrestricted 


XTOFF 


PMR.3 


Crystal Oscillator Disable. 
0= Crystal oscillator is enabled. 
1 = Crystal oscillator is disabled. Device is 
operating from ring oscillator. 





anytime; 

1 when XT/RG=0 


XTUP 


STATUS.4 


Crystal Oscillator Warm Up Status. 
0= Oscillator warm up still in progress. 
1 = Oscillator warm up complete. 


1 


None 



CRYSTAL OSCILLATOR STARTUP DELAY 

When power is applied to a crystal oscillator after a 
period of non-operation, a short period of time is 
required before the amplitude of the pulse is sufficient to 
provide a stable clock source. This can result in missed 
or corrupted clock signals, possibly disrupting proces- 
sor operation. To ensure a valid clock signal, the 
DS87C5xO uses a crystal startup counter to detect 
65,536 oscillations of the external crystal or clock oscil- 
lator before allowing the device to resume operation. 
This means that devices utilizing slower crystals will 
have longer crystal startup times. The crystal startup 
counter is more sensitive than the internal clock cir- 
cuitry, and uses the count of both bad and good pulses 
to determine the warm-up period. The counter value 
was chosen to allow the majority of crystals enough time 
to stabilize before releasing the device to run off the 
external crystal. The counter is reset anytime the 
XTOFF bit is cleared. 

The status of the crystal startup counter can be deter- 
mined by reading the Crystal Oscillator Warm Up Status 
Bit, XTUP (STATUS.4). Note that this bit will always be 
set upon a power-on reset, because the counter must 



time out before the device will resume operation. Forthe 
same reason, this bit will also be set when resuming 
from Stop mode with the XT/RG bit set to 1 . When 
switching from the ring oscillator to the crystal oscillator, 
the XTUP bit can be used to tell when the crystal has 
stabilized. Attempts to switch to the external crystal 
before the XTUP bit has been set will be disregarded. 

SWITCHING BETWEEN CLOCK SOURCES 

On occasion the device may wish to switch between the 
ring oscillator and crystal oscillator. The device can 
switch to the ring oscillator at any time as there is no 
start up delay associated with the ring oscillator. Clear- 
ing jthe Crystal Oscillator/Ring Oscillator Select Bit, 
XT/RG (EXIF.3) will enable the ring oscillator. If there is 
no expectation that the crystal oscillator will be needed 
soon, the crystal oscillator can be disabled by setting the 
Crystal Oscillator Disable Bit, XTOFF (PMR.3). This will 
provide a significant power savings. Note that clearing 
the XT/RG bit does not automatically disable the crystal 
amplifier. 
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delays inherent in the external crystal. The procedure is 
as follows: 

1. Clear the Crystal Oscillator Disable Bit, XTOFF 
(PMR.3) to restart the crystal oscillator. 

2. Wait for the Crystal Oscillator Warm Up Status bit, 
XTUP (STATUS.4) to be set, indicating that the 
external crystal warm up period is complete. 

3. Set the Crystal Oscillator/Ring Oscillator Select Bit, 
XT/RG (EXIF.3) to select the crystal as the clock 
source. 

CLOCK SOURCE AFTER RESET 

Following a power-on reset, the RGSL bit is cleared and 
the XT/RG bit is set. This forces the device to operate 
from an external crystal or external clock source, 
regardless of the clock source prior to the event. The 
crystal startup counter will be reset and begin counting 



In the case of external (hardware) and watchdog resets, 
the XT/RG bit will remain unchanged. This allows the 
device to continue from the same clock source that was 
active before the reset event. Regardless of the state of 
the XT/RG bit, the XTOFF bit is cleared following any 
reset, which begins the crystal oscillator warm up. If the 
crystal will not be used, the appropriate reset routines 
should set the XTOFF bit to disable the crystal oscillator 
to conserve power. 



CLOCK SOURCE AFTER STOP 

During Stop mode, internal clocking to the DS87C5xO is 
halted. Upon receipt of an external interrupt or reset, the 
device will use the state of the XTOFF, XT/RG, and 
RGSL bits prior to entering Stop mode to determine the 
state of the ring oscillator and crystal amplifier. The pos- 
sible configurations are shown in Table 4. 



CLOCK SOURCE AFTER STOP MODE DETERMINATION Table 4 



XT/RG 


XTOFF 


RGSL 


CLOCK SOURCE 
WHEN EXITING 
STOP MODE 


CLOCK SOURCE 
AFTER CRYSTAL 
WARM-UP PERIOD 


STARTUP DELAY 
WHEN RESUMING? 


CRYSTAL 
OSCILLATOR 
STATUS 








X 


Ring Oscillator 


Ring Oscillator 


No 


Oscillator 
enabled 





1 


X 


Ring Oscillator 


Ring Oscillator 


No 


Oscillator dis- 
abled 


1 








Crystal Oscillator 


Crystal Oscillator 


Yes 


Oscillator 
enabled 


1 





1 


Ring Oscillator 


Crystal Oscillator 


No 


Oscillator 
enabled 



If the clock source before entering Stop mode is the ring 
oscillator, the device will resume operation using the 
ring oscillator and continue running from the ring oscilla- 
tor after the crystal warm-up period. If the device enters 
Stop mode running from the crystal oscillator, the Ring 
Oscillator Select, Stop Mode bit, RGSL (EXIF.1) deter- 
mines the clock source when resuming from Stop mode. 
Upon completion of the crystal warm-up period the 
device may continue to operate from the ring oscillator, 
or may switch to the external crystal or clock source. 
This is determined by the state of the XT/RG bit prior to 
entering Stop mode. 



It should be noted that the crystal amplifier will begin its 
warm-up period automatically if the XT/RG bit was set 
prior to entering Stop mode. This will happen if the 
device was running from the external crystal or external 
oscillator, or if it was running from the ring oscillator but 
with the crystal amplifier still running. (Although not a 
logical choice, this is theoretically possible.) When 
resuming from the ring oscillator with the intent to con- 
tinue from the ring oscillator, however, starting the crys- 
tal warm-up process is unnecessary. To prevent the 
crystal warm-up, make sure the device is operating 
from the ring oscillator and the XTOFF bit is set before 
entering Stop mode. 
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The ring oscillator is especially useful for systems which 
require short bursts of processing upon resuming from 
Stop mode. Operating from the ring allows the system to 
wake up, perform a short operation, and return to Stop 
mode in less time that it would require for an external 
crystal to stabilize. This provides a two-fold power sav- 
ings: The time out of Stop mode is reduced due to the 
quick start of the ring oscillator, and the ring oscillator 
itself typically uses less power than the crystal amplifier. 

RING OSCILLATOR CONSIDERATIONS 

The ring oscillator used in the High-Speed Microcon- 
troller Family is essentially a chain of inverters with a 
propagation delay. Although it exhibits fast start up 
times, it does not carry the stability of a piezo electric 
quartz crystal oscillator. The ring oscillator will oscillate 
from 3 to 4 MHz over the temperature and voltage range 
specified for the device. This variation makes it difficult 
to generate a stable time base for timers and timing- 
sensitive operations. Interrupt latencies will also be 
more difficult to calculate due to the variation of the main 
system clock. 

It is not advised to operate the serial ports in asynchro- 
nous mode (Modes 1 , 2, or 3) while running from the ring 
oscillator. The serial ports use internal timers to gener- 
ate their baud rate, and the resulting frequency is not 
stable enough to support an asynchronous serial trans- 
mission. Synchronous serial transmissions in mode 
are possible, however, due to the synchronizing clock 
generated by the host processor. 

The use of the ring oscillator does not impair the opera- 
tion of the real-time clock, watchdog timer, or Timed 
Access operations. The real time clock incorporated in 
the DS87C530 is excited by an external 32 KHz crystal 
which is independent of the system clock. The watch- 
dog timer and Timed Access procedures both function 
with respect to internal clock cycles, not an absolute 
time reference, and will operate properly. If an absolute 
time period is required for the watchdog timer, then an 
external clock source is recommended. 



PERFORMING A "RING-OSCILLATOR 
SWITCHBACK" 

The switchback feature of the DS87C5xO allows the 
device to "wake up" for serial port operations when oper- 
ating in PMM1 or PMM2. Although the device will 
execute a switchback regardless of the clock source, 
the device must be operating from a crystal or external 
clock source for the serial operation to be successful. In 
most cases, this would preclude the use of the ring oscil- 
lator or Stop mode if serial port operations are expected. 
However, it is possible to "switchback" from the ring 
oscillator to the crystal upon receipt of a serial transmis- 
sion. 

In the case of a serial transmission, the ring oscillator 
presents little problem; the system can simply enable 
the crystal oscillator, wait for the crystal to stabilize, and 
then begin the transmission. Serial receptions are more 
difficult. There is no way that a DS87C5xO operating 
from a ring oscillator will be able to successfully capture 
a serial data transfer on the first try. One possible solu- 
tion would be to employ an a handshaking protocol to 
confirm that the receiver is ready and the data should be 
resent. The key in such a scheme is to have the 
DS87C5xO detect that a serial operation has been 
attempted and execute a section of code that will switch 
over to the crystal source. 

The recommended approach utilizes an external inter- 
rupt as a serial port activity monitor. If a negative edge 
triggered interrupt such as INTO, INT1, INT3, or INT5 is 
tied to the RX pin, the falling edge of a start bit will gener- 
ate an interrupt and a switchback. The interrupt service 
routine will enable the crystal clock source and wait until 
it is stable, at which time the device will transmit a ready 
signal back to the originator. The following code exam- 
ple demonstrates one way to do this. 

In addition, the delay associated with restarting the crys- 
tal can be avoided by keeping the crystal amplifier 
enabled when running from the ring oscillator. This 
seems counterproductive at first, as it increases the 
power consumption slightly when compared to running 
from the ring oscillator alone. However, when operating 
the device from a relatively high-speed crystal, the 
reduced speed of the ring oscillator still results in a net 
power savings. 



102594 14/27 



APPLICATION NOTE 78 



PROGRAM EXAMPLE: SOFTWARE "RING OSCILLATOR SWITCHBACK 



Program RING_SWB 



This program shows how the serial ports can be operated in conjunction with 
the ring oscillator. When receiving a byte, the falling edge of the start 
bit will generate an INT1 . The INT1 ISR will restart the crystal oscillator. 
When the crystal has stabilized, the system will transmit a ready character 
to the originator to indicate that the receiver is ready. 

The core of the program continuously scans Port 1 and records the maximum 
value. The program performs two operations: transmit the maximum 
recorded value, and reset the maximum value to 0. Receipt of an invalid 
command will cause the device to return an error code to the host and 
switch back to the ring oscillator. Invalid codes can also be used to 
intentionally return the device to the ring oscillator at the completion 
of the data transfer. Valid commands will be echoed back to the originator 
to confirm receipt. 

*************************************************************************** 



; Register 


Equates 








P0 


equ 


80h 


;Port 




SP 


equ 


81h 


; Stack Pointer 




PCON 


equ 


87h 


; Power Control Register 




TMOD 


equ 


89h 


; Timer Mode Control Register 




TH1 


equ 


8Dh 


;Timer 1 MSB (used for baud rate generation) 




PI 


equ 


90h 


;Port 1 




EXIF 


equ 


91h 


; External Interrupt Flag Register 




SCON0 


equ 


98h 


; Serial Port Control Register 




SBUFO 


equ 


99h 


; Serial Port Data Buffer 




IE 


equ 


0A8h 


; Interrupt Enable Register 




P3 


equ 


OBOh 


; Port 3 




PMR 


equ 


0C4h 


; Power Management Register 




STATUS 


equ 


0C5h 


; Status Register 




ACC 


equ 


OEOh 


; Accumulator 




,-R0 : Command Register. 






;R1 : Maximum Value observ 


ed on Port 1. 














;Bit Equates 






RI_0 


equ 


98h 


; Serial Port Receiver Interrupt Flag 




TI_0 


equ 


99h 


; Serial Port Transmitter Interrupt Flag 




IE1 


equ 


8Ah 


; Interrupt 1 Flag . 




TR1 


equ 


8 Eh 


; Timer 1 Run control. 




REN_0 


equ 


9Ch 


; Serial Port Receiver Enable 




EX1 


equ 


OAAh 


; External Interrupt 1 Enable 




EA 


equ 


OAFh 


; Global Interrupt Enable 




; String Equates 








RDY_CHAR 


equ ' 


i ' 






ERR_CHAR 


equ ' 


? ' 







r Interrupt Vector Table. 

cseg at 



; Reset vector. 
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START : 



CLR_BUF : 



MAIN: 
PORTSCAN : 



COMMAND: 
XMIT MAX: 



CHECK 2 : 



X j mp 


START 




cseg 


at 


13h ; External Interrupt 1 vector. 


1 j mp 


EXT_INT1 




cseg 


at 


23h ; Serial Interrupt vector. 


ljmp 


SER0_INT 




cseg 


at 


lOOh 


; Beginning of code segment. 


MOV 




SP, #40h 


; Initialize stack pointer. 


MOV 




P3 , #0Fh 


; Set port pins as inputs . 


MOV 




PI, #0FFh 


; Set port pins as inputs . 


CALL 




RING_ENA 


/Switch to ring oscillator to conserve power. 


MOV 




Ail.:., TfWiTJ-'ll 


;Set timer for 19200 baud rate at 11.059 MHz 


MOV 




TMOD, #2 Oh 


; Set Timer as mode 2 for baud rate generation 


MOV 




SCONO, #5 Oh 


; Select Mode 1, enable receiver. 


ORL 




PCON, #8 Oh 


; Set SMOD for 19200 operation. 


SETB 




TR1 


/Start Timer 1 for baud rate generation. 


MOV 




TF #94h 


/Enable global, serial 0, and ext. interrupt 1 


MOV 




t\J- / ft U 


/Reset maximum value counter. 


MOV 




KU , if U 


/This is the reentry point after command 








/ completion that clears the command buffer. 








/ It then falls through to the main prog loop 


CJNE 






/If ROoO, then service pending command. 


MOV 




A, PI 


/Get the current port value. 


PUSH 




ACC 


f 11 Cl JV *CT Ct U t^lLLkJVJ J_ til y ^ L_ / y \J J_ Jw'LJ J_ VulUC . 


CLR 




C 


/Compare current value to maximum. If smaller 


SUBB 




A, Rl 


/ or equal, loop back for next check. 


POP 




ACC 


/Restore port value. Note that this does not 








/ affect the carry flag from the SUBB inst. 


JC 




MAIN 


/If negative number from SUBB, value is not 








/ a new maximum, so go on. 


MOV 




Rl, A 


/We have a new maximum. Store it. 


JMP 




MAIN 


/End of main program loop 


CJNE 




RO , # ' 1 ' , CHECK, 


.2 /If command is not XMIT_MAX, go on. 



MOV 
JB 
MOV 
JMP 

CJNE 



A, STATUS /Host is requesting maximum value. Wait until 

ACC.l, XMIT_MAX ; serial port transmit activity is complete. 

SBUF0 , Rl / Send maximum value back to host . 

CLR_BUF /Return to main loop to await next command. 



R0, #'2', INVALID 



If command is not RESET_MAX, then an 
invalid command has been received. 



RESET_MAX: MOV 
JMP 



Rl, #0 
CLR_BUF 



/Host is requesting that maximum value 
/ be reset . Zero value and return 
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; to mail loop to await next command. 

INVALID: MOV SBUFO , #ERR_CHAR ;An invalid command has been received. 

CALL RING_ENA ; Return to ring oscillator and clear the 

JMP CLR_BUF ; command buffer. This will also be called 

; intentionally by the originator to return 
I the device to the ring oscillator. 

*************************************************************************** 
SER0_INT - This ISR handles serial port interrupts. Receiver interrupts 

will be caused by receipt of a command byte from the originator. 

The byte will then be echoed back to confirm receipt. 

Transmitter interrupts are called by the transmission of data 
or a status character to the originator. 
*************************************************************************** 

SER0_INT: JB TI_0 , XMIT_INT ; Determine source of interrupt. 

MOV RO, SBUFO ; Interrupt was serial reception. Save command 

CLR RI_0 ; byte in RO for main program loop and clear 

; receiver interrupt flag. 

MOV SBUFO, RO ; Echo data to acknowledge receipt. 
RET I 

XMIT_INT: CLR TI_0 ; Interrupt was caused by transmitter. Clear 

RET I ; interrupt flag and return. 

*************************************************************************** 
EXT_INT1 - This ISR restarts the crystal in response to a falling edge 

on the INTO pin, which is also tied to the serial port RX pin. 

When crystal has stabilized, it sends a ready signal to the originator. 

Further INTls are disabled until the data has been received to prohibit 

data bits from being mistaken as start bits. 
*************************************************************************** 

EXT_INT1: CLR EX1 ; Disable any more serial restart interrupts 

CALL XTAL_ENA ; Start crystal oscillator 

MOV SBUFO, #RDY_CHAR ; Send Ready signal 

CLR RI_0 ;Any serial port receiver interrupts at this 

; point are erroneous, so ignore them. 

RET I 

*************************************************************************** 
XTAL_ENA - This subroutine checks to see if' the crystal is running, and if 

not, enables it and waits until it has stabilized. 
*************************************************************************** 

XTAL_ENA : PUSH ACC ; Save accumulator 

ANL PMR, #0F7h ; Clear XTOFF bit to restart crystal. 

XT AL WAIT : MOV A, STATUS ; Check XTUP: Loop until crystal has stabilized. 

JNB ACC. 4, XTALWAIT 
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ORL EXIF, #08h ; Switch to crystal as clock source. 

SETB REN_0 ; Crystal is active, enable receiver. 

POP ACC ; Restore Accumulator. 

RET ; Device is now running from crystal. Exit. 



*************************************************************************** 
RING_ENA - This subroutine checks to see if there is any serial port 
activity, and if not, switches back to the ring oscillator. 
*************************************************************************** 

RING_ENA: PUSH ACC ; Save accumulator 



WAIT_SERIAL : 



MOV A, STATUS ;Test lower nibble of status reg for serial 

ANL A, #0Fh j port activity. If serial ports are still 

JNZ WAIT_SERIAL ; active, wait before switching to ring. 



CLR 



CLR 
SETB 



REN_0 

IE1 
EX1 



; Ignore any serial port activity while running 
; from ring oscillator. 

; Clear any outstanding serial interrupts that 
; may have been generated by serial data and 
; reenable external interrupt 1 to detect the 
; start of another serial transfer. 



ANL EXIF, #0F7h ;Clear XT/RG to enable ring oscillator. 

ORL PMR, #08h ; Set XTOFF bit to disable crystal. 



POP 
RET 



ACC 



; Restore Accumulator. 

; Device is now running from ring. Exit. 



DEVELOPING A POWER MANAGEMENT 
FRAMEWORK 

The Dallas Semiconductor approach to power manage- 
ment allows system designers to reduce power con- 
sumption while maintaining maximum pedormance. To 
achieve the maximum possible savings, the device 
operating conditions should be carefully analyzed and a 
power management scheme developed. 

The determination of which power management modes 
to utilize, when to switch modes, and how to handle 
high-priority tasks is application dependent. No single 
approach will suit all possible combinations. In general, 
the selection of clock speeds and sources depends on 
the assigned tasks, and the need for timing-dependent 
operations such as serial ports activity. 



There are two basic classes of systems which employ 
power management. The first is systems which hiber- 
nate or spend almost all of their operating time in a 
standby state, such as Stop or PMM2. These systems 
are often used in unattended systems to gather data or 
as environmental monitors. They are characterized by 
relatively infrequent I/O activity at specific intervals. The 
second class of systems usually performs a high rate of 
I/O activity on several devices, or otherwise must be 
operating constantly. A hibernation approach would be 
impractical in this instance as the device would spend 
most of its time simply restarting from the low power 
state. These two approaches are discussed in more 
detail in the following sections. 
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BURST MODE OPERATION 

A common mode of operation is to have the device oper- 
ate in a low power state, perform a brief task, and then 
place the device back into a low power state until 
another event occurs. Actions such as a keypad press, 
or card reader activity fall within this category. Such 
peripherals typically generate an external interrupt 
which executes a switchback or resume from Stop 
mode. 

The decision on what to designate as the standby state 
depends on the type of activity that will initiate a return to 
the active state. If serial port activity is expected, then 
the standby state must be one that can receive serial 
data, such as PMM2. A system which can tolerate 
longer interrupt latencies can use Stop mode as the low 
power state. 

An examination of the power consumption in the various 
modes shows that when using a burst-mode approach, 
the most power savings can be gained by operating in 
divide by 4 mode, rather than the PMMs. Divide by 4 
mode gives 16 times the performance of PMM1, but 
consumes only four times the current. The higher pow- 
er/performance ratio of divide by 4 mode means that 



less total energy will be consumed during the subrou- 
tine. As a result, routines that wake from Stop mode to 
perform short bursts of activity and then return to Stop 
should do so in divide by 4 mode. 

PROGRAM EXAMPLE: REMOTE DATA 
LOGGER 

The following program illustrates a generic scheme for 
running a remote, battery-powered data-logging 
device which requires only sporadic use. In this exam- 
ple, a DS87C530 "hibernates" in Stop mode until a key- 
pad is pressed and performs some operation. After the 
operation is performed, the device will return to Stop 
mode. This device runs off the ring oscillator during 
most of its awake state, unless a serial transfer is 
expected or in progress. Periodically a real-time clock 
interrupt will cause the device to acquire data from an 
external source, record it in the on-chip SRAM, and 
return to Stop mode. Figure 7 shows the state diagram 
for how the device works. Although this example uses 
the internal real time clock of the DS87C530, it can be 
easily modified to work with an internal timer in PMM2 or 
external real time clock. 



REMOTE DATA LOGGER EXAMPLE STATE DIAGRAM Figure 7 
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PROGRAM EXAMPLE: BURST-MODE DATA LOGGER 

; Program DATA_LOG 

,-This program demonstrates burst mode operation in a data logger device. The 
; device remains in Stop mode until a real time clock or external interrupt 
; resumes operation. When an operation is complete, the device will switch 
,-back to the ring oscillator and return to Stop mode. 

;The real time clock will interrupt the system twice per hour to read a value 
; f rom port 1, which it will store until requested. The interrupt is called 
,-on the hour to start the data acquisition. The routine presented is simple and 
; generic, so the data could be from a D/A converter or a temperature sensor, 
; f or example. 

;Upon receiving an external interrupt, the device will start the crystal 
; amplifier in expectation of possible serial port activity, but continue to 
; operate from the ring oscillator. If serial activity is detected or desired, 
,■ the device will hold operation until the crystal has warmed up, and then 
; switch operation to it. 

; Register equate table 



PO 


equ 


80h 


Port Latch 


SP 


equ 


8 lh 


Stack Pointer 


DPL 


equ 


82h 


Data Pointer Low Register 


DPH 


equ 


83h 


Data Pointer High Register 


DPL1 


equ 


84h 


Data Pointer 1 Low Register 


DPH1 


equ 


85h 


Data Pointer High Register 


DPS 


equ 


86h 


Data Pointer Select Register 


PCON 


equ 


87h 


Power Control Register 


TCON 


equ 


88h 


Timer Control Register 


TMOD 


equ 


89h 


Timer Mode Register 


TH1 


equ 


8Dh 


Timer 1 MSB 


PI 


equ 


90h 


Port 1 Latch 


EXIF 


equ 


91h 


External Interrupt Flag Register 


SCONO 


equ 


98h 


Serial Port Control Register 


SBUFO 


equ 


99h 


Serial Port Data Buffer 


P2 


equ 


OAOh 


Port 2 Latch 


IE 


equ 


0A8h 


Interrupt Enable Register 


P3 


equ 


OBOh 


Port 3 Latch 


IP 


equ 


0B8h 


Interrupt Priority Register 


PMR 


equ 


0C4h 


Power Management Register 


STATUS 


equ 


0C5h 


Status Register 


TA 


equ 


0C7h 


Timed Access Register 


ACC 


equ 


OEOh 


Accumulator 


EIE 


equ 


0E8h 


Extended Interrupt Enable Register 


RTASS 


equ 


0F2h 


Real Time Alarm SubSecond Register 


RTAS 


equ 


0F3h 


Real Time Alarm Second Register 


RTAM 


equ 


0F4h , 


Real Time Alarm Minute Register 


EIP 


equ 


0F8h 


Extended Interrupt Priority Register 


RTCC 


equ 


0F9h , 


Real Time Clock Control 
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;Bit equate table 



RI_0 
TI_0 
EX1 
FO 



equ 98h 

equ 99h 

equ OAAh 

equ 0D5h 



Serial Port Receiver Interrupt Flag 
Serial Port Transmitter Interrupt Flag 
External Interrupt 1 Enable bit 
General purpose flag. 



Constant equate table 
DATA_TABLE equ OOOOh 



Put data log table at start of SRAM 



START: 



cseg 


at 




; Reset vector . 


ljmp 


START 






cseg 


at 13h 


; External Interrupt 1 vector. 


ljmp 


EXT_INT1 




cseg 


at 23h 


; Serial Interrupt vector. 


ljmp 


SER_INT0 




cseg 


at 6Bh 


; Real time clock Interrupt vector . 


ljmp 


RTC_INT 




cseg 


at 


100H 


;Beginning of code segment. 


MOV 


SP, 


#80h 


■ Cpt - tin qt-arlc no i r)1~ er~ 


MOV 


PI, 


#0FFh 


;Set port 1 as inputs. 


MOV 


P3, 


#0Bh 


;Set RXDO, TXDO & INT1 as inputs. 


MOV 


PMR, 


#01h 


; Select on-chip SRAM. 


MOV 


RTAM, 


#00h 


; Set minute, second, and subsecond alarms. 


MOV 


RTAS, 


#00h 


,- Alarm will wake device every hour on the hour 


MOV 


RTASS , 


#00h 


; to initiate temperature gathering. 


MOV 


TA, 


#0AAh 


; Timed access write to enable minute, second, 


MOV 


TA, 


#55h 


; and subsecond compares . 


ORL 


RTCC, 


#0Clh 




MOV 


SCONO , 


#050h 


; Set serial port for Mode 3 


MOV 


TH1, 


#0E6h 


;Timer 1 reload value for 2400 baud at 24 MHz. 


MOV 


TMOD, 


#20h 


; Set timer 1 to 8-bit auto reload and start it . 



MOV TCON, #4 Oh 



MOV 


IP, 


#10h 


MOV 


EIP, 


#20h 


MOV 


EIE, 


#20h 


MOV 


IE, 


#94h 



; Serial port and RTC high priority interrupts 
; so they can interrupt Ext. interrupt 1 routine. 
; Enable Serial port 0, Ext. Int. 1. and 
; RTC interrupts . 

.*************************************************************************** 
;This is the main program loop. It does nothing but wait for interrupts, and 
,- when they are complete, switches back to the ring oscillator and puts the 
; part back into Stop mode . 

. *************************************************************************** 



MAIN: 



ANL 



EXIF, #0F7h ;Switch to ring. 
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ORL EXIF, #02h 
ORL PMR, #08h 
ORL PCON, #02h 



; Enable restart from ring. 
/Disable crystal. 

;Set the STOP bit to halt the device. 



JMP MAIN 



;End of main program loop 



*************************************************************************** 
SER_INT0 - This ISR handles serial port interrupts . Serial port interrupts 
will only be possible when the device is "active" following a 
keypress. The primary function of this interrupt is to transmit 
the next character in the table until all data has been sent. 
*************************************************************************** 



SER_INT0 : 



JB 



TI_0 , XMIT_INT ;Test for transmit or receive interrupt. 



CLR RI_0 
RETI 



/This example does not receive serial data. 
; This code is included for completeness . 



XMIT_INT: CLR TI_0 



; Clear transmit interrupt and send next byte. 



MOV A, DPL1 ; Check to see if we are at the end of the 

CJNE A, DPL, NOT_END ; data. If DPTRO and DPTR1 are same, then 

MOV A, DPH1 ; then all the data has been sent. 

CJNE A, DPH, NOT_END 

SETB FO ;We have reached the end of the table. 

RETI ; Set completion flag and exit . 



NOT_END : 



PUSH DPS 

MOV DPS, #01h 

MOVX A, @DPTR 

MOV SBUFO, A 

POP DPS 

RETI 



Preserve current data pointer. 
Switch to DPTR1 to track data pointer. 
We still have data, so transmit it, restore 
data pointer, and return to send next byte. 



*************************************************************************** 
EXT_INT1 - This ISR is generated by activity on a keypad. It causes the 

device to read a command on Port and take the appropriate action. 

This simple example performs two functions: 

1 . Download stored data to host through serial port . 

2. Clear the data table by resetting the data pointer. 

If the command is to download stored data, it will switch to the 
crystal first. The FO flag is used to indicate when all the data 
has been sent. This prevents the software from exiting the ISR 
and reentering Stop mode before all the data has been transmitted. 
*************************************************************************** 



EXT_INT1: ANL PMR, #0F7h 



; Enable crystal for possible serial activity. 



CHECK_2 : 



MOV A, PO 

CJNE A, #00h, CHECK_2 

JMP DNLOAD 

CJNE A, #01h, INVALID 



;Read the data on Port and take 
; appropriate action. 



CLEAR: 



MOV DPTR, # DAT A_T ABLE ; Zero all of on-chip SRAM space from 0-3FFh. 
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NEXT_LOC : 



MOV 

MOVX 

INC 

MOV 

CJNE 



A, #0h 
9DPTR, A 
DPTR 
RO , DPH 
RO, #04h, 



; Reset data pointer. Use A for faster fill. 
;Fill location & increment to next one. 

;If DPH is not 04, then do next location. 



NEXT_LOC 



MOV DPTR, # DAT A_T ABLE ;On-chip SRAM has been cleared. Reset 

RET I j pointer to beginning of table and return. 



DNLOAD : 



MOV 
JNB 
ORL 



A, STATUS 
ACC . 4 , DNLOAD 
EXIF, #08h 



;Wait until crystal has stabilized. 
; Switch to the crystal. 



MOV 
MOV 
JNB 
CLR 

MOV 
MOV 
MOV 
ANL 



A,#' ! ' 
SBUFO , 
F0, $ 
F0 

DPS, 
DPTR 
DPS, 
EXIF 



#01h 

# D AT A_T AB L E 
#0h 
#0F7h 



; Transmit starting character. Remaining 

; data will be sent by serial port 

,-Loop here until entire table is transmitted. 

; Transmit complete. Clear completion flag. 

; Switch to DPTR1 and reset transmit pointer. 

; Switch back to DPTRO to log data. 

; Switch back to ring oscillator and return 



INVALID : 



RET I 



to Stop mode . 



*************************************************************************** 
RTC_INT - This ISR is used to read a value from port 1. It is called every 
30 minutes, and logs data to the data buffer. When done, it will 
return to the main loop where it will enter Stop mode again. 
This simple example assumes that the device will be read before 
the data overflows the on-chip SRAM, so no error checking is 
included. 

*************************************************************************** 



RTC_INT : 



ANL 

PUSH 

PUSH 

MOV 

MOV 



#0FDh 



RTCC 
ACC 
DPS 

DPS,#0h 
A, PI 
MOVX @DPTR, A 
INC DPTR 
XRL RTAM, #lEh 

POP 
POP 
RETI 



DPS 
ACC 



; Clear RTC Interrupt flag. 
;Save accumulator. 

; Save data pointer, in case we are interrupting 
; data download, and switch to data pointer 0. 
;Read data from port 1, store it in data table. 

Point to next location. 

Toggles RTC alarm minute register between & 

3 to interrupt on hour and half hour. 

Restore data pointer selector and accumulator. 
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GRADUAL POWER DOWN 

Often, a device will need to be operating constantly dur- 
ing periods of little activity. This may be to monitor sys- 
tem status, or to time critical events. While such a sys- 
tem can tolerate some performance degradation for the 
sake of power savings, it cannot halt operation by using 
the Stop mode. The Power Management modes used in 
the DS87C5xO allow software to gradually reduce sys- 
tem performance based on the amount and type of 
tasks. This approach is similar to that used by personal 
computers, where inactivity for a specified period of time 
will cause the system to reduce its speed to the next 
lower level of performance. 

The decision of when to switch modes, and which 
modes to switch between is dependent on the user's 
application. Constructing a "power path" is the simplest 
way to determine what speeds and clock source are 



appropriate. For a relatively simple system, only a few 
states are needed. The power management modes 
PMM1 and PMM2 were specifically designed to be part 
of such a gradual power reduction. 

Figure 8 demonstrates a number of power paths pos- 
sible with the DS87C5xO power management capabili- 
ties. Figure 8a shows a relatively complicated scheme 
which performs a gradual reduction in operating speed, 
while keeping the clock oscillator operating as long as 
possible to perform timing-dependent functions. Figure 
8b switches to the ring oscillator and gradually reduces 
the speed of the device, but keeps the crystal amplifier 
enabled in case the device needs to quickly respond to 
serial port activity. Figure 8c provides the lowest power 
consumption by switching to the ring oscillator and dis- 
abling the crystal amplifier. 



SAMPLE POWER PATHS Figure 8 



DIVIDE BY 4 MODE 
CLOCK OSCILLATOR 



DIVIDE BY 4 MODE 
CLOCK OSCILLATOR 



DIVIDE BY 4 MODE 
CLOCK OSCILLATOR 



PMM1 
CLOCK OSCILLATOR 



DIVIDE BY 4 MODE 
RING OSCILLATOR/XTAL ON 



DIVIDE BY 4 MODE 
RING OSCILLATOR/XTAL OFF 



PMM2 
CLOCK OSCILLATOR 



PMM1 

RING OSCILLATOR/XTAL ON 



PMM1 

RING OSCILLATOR/XTAL OFF 



DIVIDE BY 4 MODE 
RING OSCILLATOR/XTAL OFF 



PMM2 

RING OSCILLATOR/XTAL ON 



PMM2 

RING OSCILLATOR/XTAL OFF 



PMM1 

RING OSCILLATOR/XTAL OFF 



PMM2 

RING OSCILLATOR/XTAL OFF 



a. Maximum Functionality 
Progression 



b. Low Power/Quick 
Serial Response 



c. Minimum Power 
Progression 
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PROGRAM EXAMPLE: SYSTEM MONITOR 

The following program illustrates a basic scheme for 
operating a device that constantly monitors the state of 
a system. It operates similar to the way that a personal 
computer manages its power; if no activity is detected in 
a specified period of time it switches to the next lower 
power saving mode. 

The program monitors an peripheral on port 1, and 
updates a display mapped into external memory as 



needed. The watchdog timer is used to poll the status of 
the system, which is indicated by the FO flag. If there is 
no activity before the timer times out, the device will con- 
tinue to decrease its speed. Because the watchdog 
timer period is affected by the speed of the device, the 
watchdog divide ratio is adjusted to keep as constant an 
interval as possible. The methods demonstrated could 
also be used to detect a spurious switchback caused by 
noise on the serial port and return the device to PMM. 



PROGRAM EXAMPLE: GRADUAL POWER DOWN 



.*************************************************************************** 

; Program GRADUAL . ASM 

! 

;This program shows a gradual version of power management. The watchdog timer 

;is used to periodically check the FO flag to see if any activity has 

; occurred since the last timer interrupt. If no activity has occurred, 

; then the device will switch the clock to the next lower level of operation. 

;This example also demonstrates how an external interrupt would be used in 

; conjunction with the watchdog timer. 

.★it************************************************************************* 
; Register equate table 



CKCON egu 


8Eh 


; Clock Control Register 




PI equ 


90h 


;Port 1 




IE equ 


0A8h 


; Interrupt Enable Register 




PMR equ 


0C4h 


; Power Management Register 




STATUS equ 


0C5h 


; Status Register 




TA equ 


0C7h 


; Timed Access Register 




WDCON equ 


0D8h 


; Watchdog Control Register 




ACC equ 


OEOh 


; Accumulator 




EIE equ 


0E8h 


; Extended Interrupt Enable Register 




OLD_VAL equ 


OCDh 


; Previous value from external device . 








;Note that this location is normally TH2, 


but 






,-we are using it for direct register instruction. 


;Bit definition 


table 






RWT equ 


0D8h 


; Reset watchdog timer bit. 




FO equ 


0D5h 


/General purpose user flag. 




WDIF equ 


ODBh 


; Watchdog interrupt flag. 




EWDI equ 


OECh 


; Watchdog interrupt enable. 




; Definition equate table. 




DISPLAY equ 


2000h 


/External location of display. 




cseg 


at 


; Reset vector. 




ljmp 


START 






cseg 


at 


63h ; Watchdog Timer Interrupt vector. 
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ljmp WDOG_INT 
cseg at lOOh 



START: 



/Beginning of code segment. 
; Timed access 
SETB RWT ; Reset watchdog timer 

MOV DPTR, #DISPLAY ; Set data pointer to location of display. 



MOV 
MOV 



TA, #0AAh 
TA, #55h 



MAIN: 



DIFF: 



CLR 
MOV 
MOV 
MOV 
MOV 

MOV 

CJNE 

JMP 



FO 

CKCON, #0Clh 
EIE, #10h 
IE, #80h 
OLD_VAL , PI 

A, PI 

A, OLD_VAL, 
MAIN 



; Clear activity flag 

;Set watchdog divide ratio to 2**26. 

,■ Watchdog Interrupt Enable. 

; Enable all interrupts. 



; Examine external parameter. 
DIFF ; Begin display update if different. 



MOV CKCON, #0Clh ;Return watchdog divide ratio to slow speed. 

MOV PMR, #041h ; Switch back to divide by 4 mode. 

MOV OLD_VAL, A ; Save new value. 

MOVX SDPTR, A ; Put new value to display. 

SETB FO ;Set flag to indicate we have activity. 

SETB EWDI ;Reenable watchdog interrupt (in case device 

; was operating in /1024) 

JMP MAIN ;End of main program loop 



*************************************************************************** 
WDOG_INT - This ISR periodically tests for activity, and if none has been 
detected, drops the device to the next lower clock speed. 
Because the watchdog interval is a function of the clock divisor, 
the watchdog divide ratio is modified in each mode to keep a 
relatively constant interrupt frequency. The following table 
shows the frequencies, assuming a crystal speed of 25 MHz. 
When the device enters /1024 mode, it disables the watchdog 
interrupt, because there is no slower speed to enter. 



Clock Mode Divide Ratio WD1 WDO Watchdog Timeout 

Divide by 4 2**26 1 1 2684 mS 

PMM1 (/64) 2**23 1 5368 mS 

****************************************************************** 

JB FO, DONEWDOG ; If activity has been detected, do not change 
; speed . 

PUSH ACC ;Save accumulator. 

MOV A, PMR ; Check current speed. 

JNB ACC. 7, D4T064 ;If CD1 = 0, then mode is /4, switch to /64. 



******** 

WDOG INT: 



D64TO1024: MOV PMR, #041h ; Speed is now /64. Change to /1024 by first 
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D1024: 
DONEWDOG : 



D4T064 : 



MOV 
CLR 



POP 
CLR 
MOV 
MOV 
CLR 
RETI 

MOV 
ANL 
JNZ 



MOV 
MOV 
JMP 



PMR, #0Clh 
EWDI 



ACC 
FO 

TA, #0AAh 
TA, #55h 
WDIF 



A, STATUS 
A, #0CFh 
D1024 



PMR, #081h 
CKCON, #81h 



i going from /64 to /4 and then from /4 to /1024. 
; Since we are now in /1024 there is no need 
; to go slower, so disable watchdog interrupt. 

Restore Accumulator. 
Clear activity flag. 

Timed access to clear Watchdog Interrupt flag. 



;Exit 

;Speed is now /4. Change to /64. Because we 
i are entering PMM, test for activity. Check all 
; bits in Status Register except XTUP, and LIP 
; because the watchdog interrupt is low priority. 
,- If any activity bit is set, abort speed change. 
; There is no activity. Change clock from to /64. 
,-Change watchdog divide ratio from 2~26 to 2^23. 



D1024 



BAND-GAP DISABLING 

The band-gap reference, used to detect a power failure, 
draws approximately 150 uA. During Stop mode, this 
can be an appreciable amount of the total current 
drawn. The DS87C5xO supports the option of disabling 
the band-gap reference, eliminating the associated cur- 
rent drain. When disabled, the device loses the ability to 
generate a power-fail interrupt or a power-fail reset. 
The device will continue to operate until V cc drops 
below V RST , at which time the device will cease opera- 
tion. Without the bandgap reference, the device has no 



way of detecting an imminent power loss, or performing 
an orderly shutdown. When power resumes, the device 
will perform a power-on reset. 

Setting the Band-Gap Select bit, BGS (EXIF.O) enables 
the band-gap reference during Stop mode. The default 
or reset condition is with the bit cleared, and the band- 
gap disabled during Stop mode. Note that this bit can be 
only changed using a timed access write. It has no con- 
trol of the reference during full power, PMM, or Idle 
modes. 
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DALLAS 

SEMICONDUCTOR 



Application Note 79 

Using the DS87C530 Real Time Clock 



OVERVIEW 

The DS87C530 incorporates a real time clock (RTC) 
and alarm to allow the user to perform real-world timing 
operations such as time-stamping an event, performing 
a task at a specific time, or executing very long timing 
delays. Although software timing loops or internal timers 
could be used for such measurements, they are crystal 
dependent, inefficient for long time measurements, and 
are incompatible with the use of power management 
modes. Integration of the RTC onto the DS87C530 
means that only a 32.768 KHz crystal is required. No 
load capacitors are required with the RTC cystal. The 
RTC is controlled by dedicated Special Function Regis- 
ters (SFRs). 

The DS87C530 RTC consists of subsecond, second, 
minute, hour, day of the week, and two total day count 
registers. In addition there is an alarm register for the 
subsecond, seconds, minutes, and hours registers. The 
subsecond register provides a resolution of 1/256 of a 
second, and a maximum rollover count of 1 second. The 
registers and control bits used by the RTC are shown in 
Table 1 . Bits and registers designated as unchanged 
after a reset may be indeterminate following a no-bat- 
tery reset. Consult the full bit or register description for 
complete details. 

Both user software and the internal clock directly write 
and read the RTC time registers (RTCSS, RTCS, 
RTCM, RTCH, RTC DO, RTCD1). To prevent the possi- 
bility of both user software and the internal timer acces- 
sing the same register simultaneously, the DS87C530 
incorporates a register locking mechanism. Updates to 
the RTC time registers by the internal timer are tempo- 
rarily suspended for up to 1 ms during software read or 



write operations. If a subsecond timer tick should occur 
in the 1 ms window, it will be processed immediately as 
soon as either the RTCWE or RTCRE bits are cleared. 
To prevent the possibility of an accidental write to the 
RTC time registers, the RTCWE bit should be cleared as 
soon as the planned modifications are complete. As a 
protective measure, the device will clear the RTCWE bit 
automatically after 1 ms if it has not been cleared in soft- 
ware. To allow any pending timer ticks to be processed, 
software must wait four machine cycles between any 
successive modifications of the RTCWE or RTCRE bits. 

This scheme will not affect the accuracy of the RTC, as 
any subsecond timer tick that may occur during the read 
or write window is only temporarily delayed, not dis- 
carded. Only the recognition of that single subsecond 
timer tick is delayed, and subsequent ticks will be syn- 
chronized with the clock. The only possible implication 
with respect to RTC operation occurs if a timer tick that 
would cause an alarm interrupt occurred during a time 
register read operation. In that case, the alarm would be 
delayed a fraction of a millisecond until the RTCRE bit 
was cleared. As mentioned, the next subsecond timer 
tick will occur at the proper time, so the long-term clock 
accuracy will not be affected. 

It is critical that the 4 machine cycle setup and 1 ms win- 
dow timings be observed. Any reads from the time regis- 
ters before the 4 machine cycle period may return an 
invalid time. Writes to the time registers before the 4 
machine cycle period will be ignored. Similarly, any RTC 
time register operations outside of the 1 ms window will 
result in invalid read operations or ignored write opera- 
tions. For this reason, interrupts should be globally dis- 
abled before modifying any RTC register. 
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REAL TIME CLOCK CONTROL AND STATUS BIT SUMMARY Table 1 



BIT NAME 


LOCATION 


FUNCTION 


RANGE 


RESET 


READ/WRITE 

ACCESS 


ERTCI 


EIE.5 


RTC Intpmmt Fnahlp 







Unrp^trictpd 

v 1 II UOU 1 ItJ \J 


PRTPI 


PIP 5 


RTP Intprmnt Prinritv 







Will Co LI IL-ICU 


RTASS.7-0 


RTASS 




RTC Alarm Subsecond 


0-FFh 


Unchanged 


Unrestricted 


RTAS.5-0 


RTAS 


RTC Alarm Second 


0-3Bh 


Unchanged 


Unrestricted 


OTA U c A 

H 1 AM. 5— 


DTA ft m 

H I AM 


H 1 Alarm Minute 


u— obn 


Unchanged 


Unrestricted 


H 1 An. 4— (J 


DXA U 

H 1 An 


DTP Alnrm Um If 

n 1 Alarm nour 


A H -711 


Unchanged 


Unrestricted 


DTPCC 7 f\ 

H 1 U00./-U 


DTPCC 


n 1 o oUDsecono 


U-rrn 


Unchanged 


Read: only if 
RTCRE=1 . Cannot be 
written. Cleared when 
RTCWE 1 > 


RTCs.5-0 


RTCS 


RTC Second 


0-3Bh 


Unchanged 


Read: only if 
RTCRE=1. Write: only 
if RTCWE=1 . 1 ms 
Read/Write window 


RTCM.5-0 


RTCM 


RTC Minute 


0-3Bh 


Unchanged 


RTCH.4-0 


RTCH.4-0 


RTC Hour 


0-1 7h 


Unchanged 


DOW2-0 


RTCH.7-5 


RTC Day of Week 


0-7h 


Unchanged 


RTCD1 .7-0 
RTCDO.7-0 


RTCD1 , (MSB) 
RTCDO, (LSB) 


RTC Day 


0— FFFFh 


Unchanged 


SRCE 


RTCC.7 


RTC Subsecond 
Compare Enable 




Unchanged 


Unrestricted 


SCE 


RTCC.6 


RTC Second Compare 
Enable 




Unchanged 


Unrestricted 


MCE 


RTCC.5 


RTC Minute Compare 
Enable 




Unchanged 


Unrestricted 


HCE 


RTCC.4 


RTC Hour Compare 
Enable 




Unchanged 


Unrestricted 


RTCRE 


RTCC.3 


RTC Read Enable 







Unrestricted 


RTCWE 


RTCC.2 


RTC Write Enable 







Read: Unrestricted 
Write: Timed Access 


RTCIF 


RTCC.1 


RTC Interrupt Flag 







Unrestricted 


RTCE 


RTCC.O 


RTC Enable 




Unchanged 


Read: Unrestricted 
Write: Timed Access 


E4K 


TRIM.7 


External 4096 Hz RTC 
Signal Enable 







X12/6 


TRIM.6 


RTC Crystal Capaci- 
tance Select 




Unchanged 


TRM2-0 


TRIM.5 
TRIM.3 
TRIM.1 


RTC Trim Bit 2-0 




Unchanged 


Read: Unrestricted 
Write: Timed Access 


TRM2-0 


TRIM.4 
TRIM.2 
TRIM.O 


RTC Inverted Trim Bit 
2-0 




Unchanged 


Read: Unrestricted 
Write: Timed Access, 
must be inverse of 
TRM2-0 
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STARTING AND STOPPING THE RTC 

The operation of the RTC crystal amplifier is controlled 
by the RTC Enable bit, RTCE (RTCC.O). This bit can 
only be accessed by a Timed Access procedure, and is 
unaffected by any operational reset. The state of the 
RTCE bit is undefined aftera no-battery reset, however, 
and should be initialized. Clearing the RTC Enable bit 
will halt operation of the crystal amplifier and the clock, 
but all register values (including the time when the clock 
was disabled) will be retained. This may be desirable to 
preserve the life of the backup energy source during 
periods of storage. When restarting the RTC crystal 
oscillator, either from a no-battery reset condition or by 
setting the RTC Enable bit, the crystal start-up time 
must be observed. There is no direct way to detect when 
the RTC crystal oscillator has stabilized, and the system 
software must allow sufficient stabilization time when 
restarting the RTC. Crystal startup times are specified 
by the crystal manufacturer, but are usually on the order 
of 1 second. 

After a loss of battery power or when attaching a battery 
for the first time it will be necessary to initialize the RTC. 
Although there is no status bit to indicate a no-battery 
reset, there are several ways to detect when the real 
time clock has lost power / time. The best way is to moni- 
tor a reserved location in on-board memory. Because 
the DS87C530 on-chip SRAM contents are preserved 
by the same energy source as the RTC, an unexpected 
change in a previously loaded memory location can indi- 
cate a loss of battery power. 

READING THE TIME 

Reading the current time from the RTC is accomplished 
by the following procedure: 

1 . Disable all interrupts by clearing the EA bit (IE. 7), 

2. Set the RTC RE bit (RTCC.3), 

3. Wait 4 machine cycles, 

4. Read the appropriate register(s) within 1 ms of 
RTCRE being set, 

5. Clear the RTCRE bit (RTCC.3), 

6. Enable interrupts by setting the EA bit (IE.7). 

SETTING THE TIME 

The time on the DS87C530 is set by writing to the Clock 
Registers. The Second, Minute, Hour, Day of the Week, 
and Day Count can be set by writing to the respective 
registers. It is not possible to set the Real Time Clock 



Subsecond Register (RTCS; FBh). This register is auto- 
matically reset to OOh when the RTCWE bit is cleared, 
either through software or the automatic time-out of the 
1 ms write window. The procedure for setting an RTC 
time register is as follows: 

1 . Disable all interrupts by clearing the EA bit (IE.7), 

2. Perform a Timed Access procedure, 

3. Set the RTCWE bit (RTCC.2), 

4. Wait 4 machine cycles, 

5. Write the appropriate register(s) within 1 ms of 
RTCWE being set, 

6. Perform a Timed Access procedure, 

7. Clear the RTCWE bit (RTCC.2), 

8. Enable interrupts by setting the EA bit (IE.7). 

USING THE RTC ALARM 

The RTC alarm function is used to generate an interrupt 
when the RTC value matches selected alarm register 
values. An alarm can be triggered by a match on one or 
more of the following alarm registers: Subsecond 
(RTASS;F2h), Second (RTAS; F3h), Minute (RTAM; 
F4h), and Hour (RTAM; F5h). Note that there is no alarm 
register associated with the RTC Day or Day of Week 
Registers. If an alarm is desired on a specific date, an 
alarm can be executed once a day and user software 
can compare the current date against the Day Register. 
It is not necessary to set the RTC Write Enable bit when 
setting the alarm registers. 

The alarm can be set to occur on a match with any or all 
of the alarm registers. An alarm can occur on a unique 
time of day, or a recurring alarm can be programmed 
every subsecond, second, minute, or hour. The specific 
alarm registers to be compared are selected by setting 
or clearing the corresponding compare enable bits 
(RTCC.7-4). Any compare bit which is cleared will 
result in that register being treated as a 'Don't Care' 
when evaluating alarm conditions. Clearing all the 
compare enable bits will disable the ability of the RTC to 
cause an interrupt, and will immediately clear the RTC 
Interrupt Flag (RTCC.1). Unlike some interrupts, the 
RTC flag is not cleared by exiting the RTC interrupt ser- 
vice routine and must be done in software. 

The general procedure for setting the RTC alarm regis- 
ters to cause a RTC interrupt is as follows: 

1 . Clear the RTC Interrupt Enable bit (EIE.5), 
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2. Clear all RTC Alarm Compare enable bits (ANL 
RTCC, #OFh), 

3. Write one or more RTC Alarm registers, 

4. Set the desired RTC Alarm Compare enable bits. 

5. Set the RTC Interrupt Enable bit (EIE.5). 

Setting the alarm to cause an interrupt for a single time 
during a 24-hour period is done by setting all the alarm 
registers to the desired value and enabling all compare 
bits. For example, if an alarm was desired at 11:45:00 
am, the following configuration would be used: 



Alarm Subsecond (RTASS) 00 subseconds 



Alarm Second (RTAS) 
Alarm Minute (RTAM) 
Alarm Hour (RTAH) 
Clock Control (RTCC) 



= 00h 
= 00h 
= 2Dh 
= 0Bh 
= F1h 



00 seconds 
45 minutes 
11 hours 

subsecond compare 
second compare 
minute compare 
hour compare 
RTC enable 



A recurring alarm is enabled by disabling the compare 
enable bits associated with one or more alarm registers. 
In general, a recurring alarm is set using the next lower 
time increment. For example, if an alarm once an hour 
was desired, a compare on the RTAM Register would be 
performed, because the RTCM register will match 
RTAM register only once an hour. For example, if an 
alarm once an hour, on the half hour was desired, the fol- 
lowing configuration would be used: 



Alarm Subsecond (RTASS) 00 subseconds 



Alarm Second (RTAS) 
Alarm Minute (RTAM) 
Alarm Hour (RTAH) 
Clock Control (RTCC) 



= 00h 
= 00h 
= 1Eh 
= 00h 
= E1h 



00 seconds 
30 minutes 
11 hours 

subsecond compare 
second compare 
minute compare 
RTC enable 



In the above example, the subsecond, second, and min- 
ute registers are programmed and the corresponding 
compare enable bits are set, even though only a match 
on the minute register is desired. This is because a don't 
care is always treated as a match for the purposes of 
evaluating alarms. If the SSCE and SCE bits were 
cleared to (don't care) in the above example, then a 
match (and interrupt) would occur during every subse- 
cond of the minute in which the RTAM register matched. 
This would cause 1 5,360 interrupts, which is most likely 



not the desired effect. In general, when specifying a 
recurring alarm all the compare bits below the largest 
time increment should be enabled and the correspond- 
ing alarm registers loaded with OOh or a known value. 

Alarms can occur synchronously when the clock rolls 
over to match the alarm condition or asynchronously if 
the alarm registers are set to a value that matches the 
current time. Note that only one alarm may occur per 
subsecond tick. This means that if a synchronous alarm 
has already occurred during the current subsecond, 
software cannot cause an asynchronous alarm in the 
same subsecond. 



While this is a relatively minor point, it can have implica- 
tions if software expects to use the asynchronous capa- 
bilities of the alarm. For example, assume an RTC inter- 
rupt occurs as when the alarm registers match the 
current time a 01:00:00:00 (1 hour, minutes, 
seconds, subseconds. The RTC interrupt is relatively 
short, taking much less than one subsecond tick (<4 
ms), and execution returns to the main program. 
Immediately upon exiting the RTC interrupt routine, an 
event occurs that requires software to cause an alarm 
on the hour by setting the alarm to match on 00 minutes, 
00 seconds, 00 subseconds. Normally, setting this 
alarm condition with the time at 01:00:00:00 would 
immediately cause an RTC interrupt to occur; but 
because we have already had an alarm in this subse- 
conds, the condition will not be recognized. The alarm 
will be missed because it will not be evaluated until the 
next subsecond tick, when the time will have changed to 
01:00:00:01. The designer should guard against the 
possibility of using synchronous asynchronous alarms 
in the same subsecond. 

Because an alarm condition can occur asynchronously, 
care must be exercised that a match is not accidentally 
enabled while writing to the alarm registers. For exam- 
ple, assume that the current time is 0B:00:00:00 and the 
current alarm conditions are 00:00:00:00. Suppose that 
software changes the alarm to 0B:01 :00:00. If the hour, 
second, minute, and subsecond compare enables are 
enabled and the first instruction is MOV RTCH, #0B0H, 
an alarm will occur immediately instead of at the 
intended time. The best way to avoid this is to disable all 
compare enables before changing the RTC alarm regis- 
ters. 
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RTC SOFTWARE TRICKS 

There are a number of simple tricks that can be used to 
simplify software associated with RTC operations. The 
4 machine cycle delay can be performed using a 
CJNE A,A,$ instruction. Compared to using 4 NOPs, 
this is a single instruction, and is 1 byte shorter. 

The DS87C530 RTC allows software to dynamically 
vary the alarm registers to achieve a wide range of inter- 
vals. Often software will want to interrupt regularly on 
half-increments of time (every 30 seconds, 30 minutes, 
etc.). This can be easily done using the XRL instruction. 
For example, if the RTAM register is set to OOh, the 
instruction XRL RTAM, #1 Eh will change the contents to 
1 Eh. Performing the instruction again will change it back 
to OOh. Placing this instruction at the start of the RTC 
interrupt routine will cause the appropriate alarm regis- 
ter to be easily and quickly modified each time the inter- 
rupt is called. 



a DS87C530 is awoken from Stop mode every 30 min- 
utes to read the temperature from a Dallas Semiconduc- 
tor DS1620 Digital Thermometer and Thermostat. The 
DS1 620 is addressed via serial port 0, using serial mode 
0. When the interrupt is called, the DS87C530 will use 
the ring oscillator to perform a fast resume from Stop, 
and signal the thermostat to begin a temperature con- 
version. It will then reset the RTC alarm to occur again in 
1 second. This will allow time for the conversion and the 
crystal warm-up period to complete, after which the 
device will automatically switch back to the crystal as 
the clock source. The DS87C530 will read the tempera- 
ture and transmit it, along with the hour and minute, back 
to a host system connected to serial port 1 . It will then 
return to Stop mode to await the next alarm. Figure 1 
shows a partial schematic for interfacing the DS87C530 
and DS1 620. If the DS1 620 is to be separated from the 
microcontroller by a long distance, filtering may be nec- 
essary on the clock and data lines to reduce noise. 



PROGRAM EXAMPLE: DATALOGGER 

The following program illustrates a generic scheme for 
operating a remote data logging station. In this example, 



DS1620 INTERFACE EXAMPLE Figure 1 

DS87C530 



P3.0 
P3.1 



P1.0 ^ 



DS1620 



C3 



£ DQ 

£ CLK/CONV 
C "ST 



TH ^ 

- □ 

TOOM 



Vcc 

o 



10 nF 



; Program DATALOGR . ASM 

;This program demonstrates how to use the RTC to periodically service an 
; external device. The device halts in Stop mode until awoken by an RTC interrupt 
; every half hour. It then reads the temperature from a DS1620 Digital 
/Thermostat and transmits it, with a time stamp, to the host via serial port 1. 



; Register equate table 

SP equ 81h ; Stack Pointer 

PCON equ 87h ; Power Control Register 

TCON equ 88h ; Timer Control Register 
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rpMAH 

LMUD 


equ 




Time it Mode Reqi s ter 


1 rl-L 


equ 




T-im^v 1 MCI3 

x imei ± ixioD 




equ 


o Jin 


tiocjt Lonti ox Kegibuei 


PI 


equ 


y Un 


Port 1 


EXIF 


equ 


y in 


tiXternai. incerrupL r_i.ag Kegisuei 




equ 


y on 


O a v i a 1 D.-. +- ^ , — , n t — t~ . — ■ 1 di-r t ^ d v 

ocilal ruiL U LOnur Ol KegisCcI 


DUUr U 


equ 


Q QVi 


oeildl rOIt U UctLd OU11KI 


PJ 


equ 


ubun 


Port 3 


SC0N1 


equ 


UL.un 


Serial Port 1 Control Register 


CDTTC1 

brSUr ± 


equ 


ULlil 


beiiai irort 1 uaca rsuner 


TA 


equ 


UC / n 


Timed Access Register 




equ 


UUon 


Watchdog Control Register 


AUL. 


equ 


UEiUn 


Accumulator 


DfPA CO 

Ki Abb 


equ 


Ur zn 


Real Time Alarm Subsecond Register 


RTAS 


equ 


0F3h 


Real Time Alarm Second Register 


RTAM 


equ 


0F4h 


Real Time Alarm Minute Register 


RTCC 


equ 


0F9h 


Real Time Clock Control 


RTCM 


equ 


OFCh 


Real Time Clock Minute Register 


RTCH 


equ 


OFDh 


Real Time Clock Hour Register 



;Bit equate table 


RIO 


equ 


098h 


TIO 


equ 


099h 


RENO 


equ 


09Ch 


EA 


equ 


OAFh 


Til 


equ 


OClh 


ERTCI 


equ 


OEDh 


DS1620_RST 


equ 


090h 


WR_CONFIG 


equ 


OCh 


RD_TEMP 


equ 


OAAh 


START_COMV 


equ 


OEEh 



cseg at 

LJMP START 

cseg at 6Bh 

LJMP RTC_INT 



;DS1620 reset pin is tied to DS87C530 PI . . 

;DS1620 Write Configuration command. 

;DS1620 Read Temperature command. 

;DS1620 Start Conversion command. 

; Reset vector. 

,-Real time clock Interrupt vector. 



cseg at 100H 



; Beginning of code segment. 



START: 



MOV 


SP, 


#40h 


; Initialize Stack pointer. 


MOV 


EXIF, 


#0Ah 


/Enable ring oscillator restart from Stop mode. 


MOV 


P3, 


#03h 


;Set P3.1 & P3.0 high to use serial port 0. 


MOV 


SCONO , 


#20h 


;Set serial port mode 0, 4 tclk. 


MOV 


PI, 


#0Ch 


;Set PI. 2 & PI. 3 high to use serial port 1. 








; Clear PI . to reset DS1620. 


MOV 


SC0N1 , 


#40h 


; Set serial port mode 1 . 


MOV 


TMOD, 


#20h 


; Configure timer 1 for 9600 baud 


MOV 


TH1, 


#0FDh 


; at 11.0592 MHz. 


MOV 


TCON, 


#40h 


; Start timer. 
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; Configure the DS1620 

SETB DS1620_RST 
MOV 
CALL 
MOV 
CALL 
CLR 



A, #WR_CONFIG 
OUT_1620 
A, #03h 
OUT_1620 
DS1620_RST 



.-Remove DS1620 reset to start operation. 
;Send command to address configuration byte. 

;Set Configuration byte = CPU & 1-Shot Mode. 

,-Assert DS1620 to end operation. 



;Set up the RTC 



MAIN: 



MOV 


RTAM, 


#00h 


MOV 


RTAS, 


#00h 


MOV 


RTASS, 


#00h 


MOV 


RTCC, 


#081h 


SETB 


ERTCI 




SETB 


EA 




ORL 


PCON, 


#02h 


JMP 


MAIN 





; Clear all alarm registers. Alarm will ring 
i on the next hour to start temperature 
; conversion. 

,-Set alarms so we get a reading at start. 
; Enable RTC interrupt. 
; Global interrupt enable. 

;Set STOP bit to enter Stop mode. 

;End of main program loop. Program will return 

; here after RTC interrupt is complete. 



*************************************************************************** 
RTC_INT - This ISR reads the temp from the DS1620 and outputs the data to 

serial port 1. The routine starts the conversion, and waits for 1 
second to allow conversion to complete and crystal to stabilize. 
When the conversion is complete, the device will read the temperature 
and send the hour, minute and temperature to the host. The RTAM 
register will be modified to alarm again in 30 minutes. 
*************************************************************************** 



RTC_INT : 



MOV RTCC, #081h 



PUSH ACC 



; Clear RTCI flag and second compare enable 
; bit to generate another alarm in 1 second, 
i Save accumulator . 



SETB DS1620_RST ; Remove DS1620 reset to start operation. 

MOV A, #START_CONV ; Initiate first temp conversion. 

CALL OUT_1620 

CLR DS1620_RST ,-Assert DS1620 to end operation. 

ORL RTCC, #08h /Enable RTC read process, and delay 4 machine 

CJNE A, ACC, $ | cycles for time registers to stabilize. 

MOV R7, RTCM ; Save minute and hour so we can transmit 

MOV R6 , RTCH ; them as soon as crystal has stabilized. 

ANL RTCC, #0F7h ;Reenable time register updates. 



WAIT: 



MOV A, RTCC 
JNB ACC.l, WAIT 



;Wait for RTC interrupt flag to be set, 
; indicating that conversion is done. The 
; one second delay will be sufficient for the 
; crystal to stabilize, so switch to it now. 



XRL RTAM, #lEh ; Change alarm to ring on next half hour. 

MOV RTCC, #0Elh ,-Clear RTCI flag, and set compare bits 

; so next alarm will be generated in 3 min. 
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MOV A, # ' ! ' 

CALL OUT_H0ST 

MOV A, R6 

CALL OUT_HOST 

MOV A, R7 

CALL OUT_HOST 



; Transmit start character. 
; Transmit the hour. 
; Transmit the minute. 



SETB DS1620_RST 

MOV A, #RD_TEMP 

CALL OUT_162 

CALL IN_1620 

CALL IN_1620 

CLR DS1620_RST 



POP 
RETI 



ACC 



; Remove DS1620 reset to start operation. 

; Conversion is done. Send command to read temp. 

;Read LSB of temperature and send it to host. 
;Read MSB of temperature and send it to host. 
;Assert DS1620 to end operation. 

; Restore accumulator and go back to sleep. 



************************************************************************ 

OUT_HOST - This routine sends data to the host system via serial port 1. 

***************************************** 

; Move out byte . 

;Wait until data has been transmitted. 



***************************** 
OUT_HOST: MOV SBUF1 , A 

JNB Til, $ 



CLR 
RET 



Til 



; Clear Til. 



************************************************************************ 

OUT_1620 - This routine sends data to the DS1620 via serial port 0. 
************************************************************************ 

OUT_1620: MOV SBUFO , A ; Move out byte. 

JNB TIO, $ ;Wait until data has been transmitted. 

CLR TIO ; Clear Til. 

RET 



************************************************************************ 

IN_1620 - This routine reads a byte from the DS1620 and echoes it back 

through serial port 1 . 
************************************************************************ 

IN_162 0: SETB RENO ; Enable receiver to clock in data. 

JNB RIO, $ ;Wait until data has been received. 

CLR RENO ; Disable receiver to prevent reception. 

CLR RIO ; Clear RI . 



MOV A, SBUFO ;Echo data through serial port 1. 

CALL OUT_HOST 

RET 
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PROGRAM EXAMPLE: RTC INTERFACE 

The following program is a general purpose interface 
routine to set the RTC and display its status. The pro- 
gram communicates through serial port 0, and allows 



the user to set the time and date, set the alarm registers, 
and indicates when an alarm has occurred. Forthe sake 
of simplicity, the program inputs decimal values of time 
and outputs hexadecimal values. 



*************************************************************************** 
Program RTC_UTIL.ASM 

This program responds to commands received over the serial port to set 
and read the date, time and alarm information in the DS87C530 Real Time Clock. 
The program initializes the serial port for operation at 28800 baud with an 
11.0592 MHz clock. 



********************************************************** 



**************** 



Register equate table 



SP 


equ 


81h 


Stack Pointer 


DPL 


equ 


82b 


■Data pointer low register 


DPH 


equ 


83h 


Data pointer high register 


PCON 


equ 


87h 


Power Control Register 


TCON 


equ 


88h 


Timer Control Register 


TMOD 


equ 


89h 


Timer Mode Register 


TH1 


equ 


8Dh 


Timer 1 MSB 


EXIF 


equ 


91h 


External Interrupt Flag Register 


SCON0 


equ 


98h 


Serial Port Control Register 


SBUFO 


equ 


99h 


Serial Port Data Buffer 


P3 


equ 


OBOh 


Port 3 


TA 


equ 


0C7h 


Timed Access Register 


ACC 


equ 


OEOh 


Accumulator 


B 


equ 


OFOh 


B Register 


RTASS 


equ 


0F2h 


Real Time Alarm Subsecond Register 


RTAS 


equ 


0F3h 


Real Time Alarm Second Register 


RTAM 


equ 


0F4h 


Real Time Alarm Minute Register 


RTAH 


equ 


0F5h 


Real Time Alarm Hour Register 


EIP 


equ 


0F8h 


Extended Interrupt Priority Register 


RTCC 


equ 


0F9h 


Real Time Clock Control 


RTCSS 


equ 


OFAh 


Real Time Clock Subsecond register 


RTCS 


equ 


OFBh 


Real Time Clock Second 


RTCM 


equ 


OFCh 


Real Time Clock Minute 


RTCH 


equ 


OFDh 


Real Time Clock Hour 


RTCDO 


equ 


OFEh 


Real Time Clock Day Register 


RTCD1 


equ 


OFFh ;Real Time Clock Day Register 1 



;Bit equate table 




RIO 


equ 


98h 


; Serial Port Receiver Interrupt Flag 


TIO 


equ 


99h 


; Serial Port Transmitter Interrupt Flag 


EA 


EQU 


OAFh 


; Global Interrupt Enable. 


ERTCI 


equ 


OEDh 


;Real Time Clock Interrupt Enable. 


; Constant 


equate 


table 




CR 


equ 


ODh 




LF 


equ 


OAh 
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cseg 
LJMP 
cseg 
LJMP 



at 
START 
at 6BH 
RTC_INT 



; Reset vector. 

;Real time clock Interrupt vector. 



cseg at 
;Data & string tables. 



100H ; Beginning of code segment. 



HEX_TABLE 


DB 


' 0123456789ABCDEF' 






NEW_LINE : 


DB 


CR, 


LP, 









YES : 


DB 


' Y 


1 









NO: 


DB 


'N 


1 









COMPARE : 


DB 


CR, 


LF, 


'Compare enabled: ', 






COMPARE_Q 


DB 




Enable compare (Y/N) ? ' , 






ALARM_MSG 


DB 


CR, 


LF, 


'Alarm: ' , 






TT_BANNER 


DB 


CR, 


LF, 


CR, LF, 'DS87C530 RTC UTILITY ' 








DB 


CR, 


LF, 


' A - Set Alarm, T -Set Time' 








DB 


CR, 


LF, 


' any other key to show registers' 








DB 


CR, 


LF, 


CR, LF, 'RTC registers: ', 






ALM_BANNER : DB 


CR, 


LF, 


'Alarm register: ', 






NEW_BANNER : DB 


CR, 


LF, 


CR, LF, 'Enter new alarm register settings:', 







SET_BANNER : DB 


CR, 


LF, 


'Enter new time:', 






SS_BANNER 


DB 


CR, 


LF, 


' Subsecond: ' , 






S_BANNER : 


DB 


CR, 


LF, 


' Second: ' , 






M_BANNER: 


DB 


CR, 


LF, 


'Minute: ', 






H_BANNER: 


DB 


CR, 


LF, 


'Hour: ', 






DW_BANNER 


DB 


CR, 


LF, 


'Day of Week: ' , 






DC_BANNER 


DB 


CR, 


LF, 


' Day Count : ' , 






DW_STRING 


DB 


'Disabled ', ,' Sunday ',0, 'Monday ',0, 'Tuesday 


- 






DB 


'We 


dnes 


day' , 0, 'Thursday ', ,' Friday ', ,' Saturday ' 


, 





; Initialize part 
START: 



MOV 


SP, 


#80h 


;Set up stack pointer. 


MOV 


P3, 


#0Bh 


;Set RXDO, TXDO & INT1 as inputs. 


MOV 


RTAM, 


#00h 


initialize alarm registers to known values. 


MOV 


RTAS, 


#00h 




MOV 


RTASS , 


#00h 




MOV 


TA, 


#0AAh 


; Timed access write to enable RTC. 


MOV 


TA, 


#55h 




MOV 


RTCC, 


#01h 




MOV 


SCON0 , 


#050h 


;Set serial port for Mode 1, divide by 12. 


MOV 


TH1, 


#0FEh 


; Timer 1 value for 28800 baud at 11.0592 MHz. 


MOV 


TMOD, 


#20h 


;Set timer 1 to 8-bit auto reload and start it 


MOV 


TCON, 


#40h 




ORL 


PC ON, 


#80h 


;Set SMOD bit to get 28800 baud. 










SETB 


ERTCI 




; Enable RTC interrupts. 


SETB 


EA 
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LJMP TELL_TIME ; Display the time. 

*************************************************************************** 

This is the main program loop. It waits for a character on serial port 0, 
and then takes the appropriate action. 

*************************************************************************** 



CHAR_TEST 


JNB 


RIO, $ 


;Wait for incoming command character. 




CLR 


RIO 






MOV 


A, SBUFO 


;Test to see what to do. 


CHECKT : 


CJNE 


A, #'T', CHECKA 


,-T - set time. 




LJMP 


SET_TIME 




CHECKA: 


CJNE 


A, #'A', TT_JUMP 


;A - set alarm. 




LJMP 


SET_ALARM 




TT_JUMP : 


LJMP 


TELL_TIME 


;else display time. 


.*************************************************************************** 


; SET_TIME 


sets the 


current time. 




.*************************************************************************** 


SET TIME : 


MOV 


DPTR, #SET BANNER 


/Display set time banner. 




CALL 


OUT cjTRTNfi 






MOV 




, VjcL JJUUI oc saVc LclU^> t-u^jy . 




CALL 


HTTP ^TRTWn 






CALL 


TT\T TTMP 
X1N 1 X villi 






ANL 


A #lFh 


, l/lcAJVc bUIc Udy UL wccit D-LLfa die U. 




MOV 


R4 , A 






nvjv 


UrlK, ffrl DAIMWlLrt 


; Get minute & save temp copy. 




CALL 


OUT_STRING 






CALL 


IN_TIME 






MOV 


R5, A 






MOV 


DPTR, #S_BANNER 


;Get second & save temp copy. 




CALL 


OUT_STRING 






CALL 


IN_TIME 






MOV 


R6, A 






MOV 


DPTR, #DC_BANNER 


;Get day count (2 bytes) & save temp copies 




CALL 


OUT_STRING 






CALL 


IN_TIME 






MOV 


R2, A 






CALL 


IN_TIME 






MOV 


R3, A 






MOV 


DPTR, #DW_BANNER 


;Get day of week value and add it on to 




CALL 


OUT_STRING 


,- the upper 3 bits of the hour register. 




CALL 


IN_TIME 






SWAP 


A 






RL 


A 






ANL 


A, #0E0h 






ORL 


A, R4 






XCH 


A, R4 






MOV 


DPTR, #NEW_LINE 


;Add a blank line for esthetics. 




CALL 


OUT_STRING 
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MOV TA, #0AAh ;We have all the values, now save them. 

MOV TA, #055h ; Perform a timed access to write to 

ORL RTCC, #04h ; set new time & date. 

CJNE A, ACC, $ ,-Delay 4 machine cycles. 

MOV RTCSS , R7 

MOV RTCS , R6 

MOV RTCM, R5 

MOV RTCH, R4 

MOV RTCDO , R3 

MOV RTCD1, R2 

MOV TA, #0AAh ; Clear RTCWE bit to prevent accidental 

MOV TA, #055h ; changes to time registers. 

ANL RTCC, #0FBh 

LJMP CHAR_TEST ; Return and wait for another event. 

.*************************************************************************** 

; TELL_TIME displays the current time, alarm registers, and alarm status. 
.*************************************************************************** 

TELL_TIME: MOV DPTR, # T T_B ANNE R ; Display current time. 

CALL OUT_STRING 

CALL OUT_TIME 

MOV DPTR, #ALM_BANNER ; Display alarm registers. 

CALL OUT_STRING 

MOV R7 , RTASS 

MOV R6 , RTAS 

MOV R5, RTAM 

MOV R4, RTAH 

CALL DISP_TIME 

MOV DPTR, #COMPARE ;Now display the compare bits. 

CALL OUT_STRING 

MOV A, RTCC 

CALL DISP_COMP ,-Display Hour compare bit. 

RR A 

CALL DISP_COMP ,-Display Minute compare bit. 

RR A 

CALL DISP_COMP ; Display Second compare bit. 

RR A 

CALL DISP_COMP ,-Display Subsecond compare bit. 

ORL RTCC, #08h ; Set the read bit to stop RTC update. 

CJNE A, ACC, $ ,-Delay 4 machine cycles. 

MOV R4, RTCH ,-Read the hour register. 

MOV R3, RTCDO ; Read the day count registers. 

MOV R2, RTCD1 

ANL RTCC, #0F7h ; Clear the read bit to restart RTC. 
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MOV DPTR, # DW_B ANNE R ; Output Day of Week banner. 

CALL OUT_STRING ; the upper 3 bits of the hour register. 

MOV A, R4 ;Day of week is stored in upper 3 bits 

SWAP A ; of hour register. Move it to bits 2-0 

rr A ; and multiply by 10 to get location 

ANL A, #07h ; within day of week table to start. 

MOV B, #0Ah 

MUL AB 

MOV DPTR, #DW_STRING ;Now add offset to starting address 

ADD A, DPL ; of data table to calculate new 

JNC NO_INC ; data pointer location. 

INC DPH 

NO_INC: MOV DPL, A 

CALL OUT_STRING 

MOV DPTR, #DC_BANNER ; Output day count banner. 

CALL OUT_STRING 

MOV A, R2 ; Send both registers of day count . 

CALL OUT_DIGIT 

MOV A, R3 

CALL OUT_DIGIT 

MOV DPTR, #NEW_LINE ;Add a blank line for aesthetics. 

CALL OUT_STRING 

LJMP CHAR_TEST ; Return and wait for another event. 

;This routine displays the status of the compare enable bit. 

DISP_COMP: JNB ACC . 4 , NO_COMP ; Display the hour compare bit. 

MOV DPTR, #YES 

JMP OUT_COMP 

NO_COMP: MOV DPTR, #NO 

OUT_COMP : CALL OUT_STRING 

RET 

;This routine outputs the current time. 

OUT_TIME: ORL RTCC, #08h ; Set the read bit to stop RTC update. 

CJNE A, ACC, $ ; Delay 4 machine cycles. 

MOV R7, RTCSS ;Grab the current time / date and store 

MOV R6, RTCS ; them temporarily in working registers. 

MOV R5 , RTCM 

MOV R4 , RTCH 

ANL RTCC, #0F7h ; Clear the read bit to restart RTC. 

DISP_TIME: MOV A, R4 ; Output hour. 

ANL A, #01Fh ;Mask off day of week bits. 

CALL OUT_DIGIT 

MOV A, R5 ; Output Minute. 

CALL OUT_CDIGIT 

MOV A, R6 ; Output second. 

CALL OUT_CDIGIT 
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MOV A, R7 
CALL OUT_CDIGIT 
RET 



; Output subsecond. 



.★★it**************************************************-********************** 
;SET_ALARM sets the alarm registers. 

ERTCI ; Disable RTC interrupt and clear flag 

RTCC, #0Fh ; during this section so that alarms will 

; not be called while enables are changing. 

DPTR, #NEW_BANNER 
OUT_STRING 



SET_ALARM: CLR 
ANL 



MOV 
CALL 
MOV 
CALL 
CALL 
MOV 
CALL 
JNC 
ORL 



DPTR, #H_BANNER 

OUT_STRING 

IN_TIME 

R4, A 

QUERY 

ASK_M 

RTCC, #10h 



;Get hour & save temp copy. 



; Enable hour compare 



ASK_M : MOV DPTR, #M_BANNER 

CALL OUT_STRING 

CALL IN_TIME 

MOV R5, A 

CALL QUERY 

JNC ASK_S 

ORL RTCC, #2 Oh 



;Get minute & save temp copy. 



; Enable minute compare 



ASK_S: MOV DPTR, #S_BANNER 

CALL OUT_STRING 

CALL IN_TIME 

MOV R6, A 

CALL QUERY 

JNC ASK_SS 

ORL RTCC, #40h 



;Get second & save temp copy. 



; Enable second compare 



ASK_SS: MOV DPTR, #SS_BANNER 

CALL OUT_STRING 

CALL IN_TIME 

MOV R7, A 

CALL QUERY 

JNC ASK_X 

ORL RTCC, #8 Oh 



;Get subsecond & save temp copy. 



/Enable subsecond compare. 



ASK_X: MOV DPTR, #NEW_LINE 

CALL OUT_STRING 



MOV 


RTASS, 


R7 


MOV 


RTAS, 


R6 


MOV 


RTAM, 


R5 


MOV 


RTAH, 


R4 



; Save new alarm values . 
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ANL 



SETB 
LJMP 



RTCC, #0FDh 



ERTCI 
CHAR_TEST 



; Clear the RTCI flag in case it 
; accidentally set while we were 
; manipulating compare bits . 
;Reenable RTC interrupt. 



QUERY : MOV 
CALL 
JNB 
CLR 
MOV 
CALL 
CJNE 
SETB 
RET 

NO_ENABLE : CLR 
RET 

. *************** 



DPTR, #COMPARE_Q 
OUT_STRING 
RIO, $ 
RIO 

A, SBUFO 

OUT_CHAR ;Echo it. 

A, #'Y', NO_ENABLE ;If user wants compare, set flag. 
C 

C ;User does not want compare, clear flag. 

*************************************************** 



outputs an ASCII string. The starting point of the string 
the terminating character is ' ' . 



; Output routines . 

.****************************************************************** 
;This subroutine 
;is in DPTR, and 
OUT_STRING : PUSH 
CHAR_LOOP : CLR 
MOVC 
JNZ 
POP 
RET 

NXT_CHAR : CALL 
INC 
JMP 



ACC 
A 

A, @A + DPTR 

NXT_CHAR 

ACC 

OUT_CHAR 
DPTR 

CHAR_LOOP 



; Save accumulator . 

;Clear accumulator for next instruction. 
,-Get the next character from the 
; string, and if 0, exit. 
; Restore accumulator. 

;Next character is valid, so transmit 
; it . Increment the data pointer 
; to the next position and loop 
; back to send character. 



;This subroutine outputs a leading colon for the minute, second, and subsecond 
; when displaying the time. When done, it falls through to OUT_DIGIT. 
OUT_CDIGIT: MOV SBUFO, #':' .-Display a colon. 

JNB TIO, $ 

CLR TIO 

,-This subroutine outputs a hex number in ASCII format through serial port 0. 
OUT_DIGIT : 



MOV 


DPTR, #HEX_TABLE 




MOV 


RO, A 


;Make another copy of value 


SWAP 


A 


;Do high nibble fist 


ANL 


A, #0Fh 


; Clear unused nibble 


MOVC 


A, @A+DPTR 


;Get character from table 


CALL 


OUT_CHAR 


; Transmit the character. 


MOV 


A, RO 


;Now do low nibble. 


ANL 


A, #0Fh 


; Clear unused nibble 


MOVC 


A, SA+DPTR 


;Get character from table 
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CALL 
RET 



OUT_CHAR 



/Transmit the character. 
I Done 



OUT_CHAR: 



MOV SBUFO, A 

JNB TIO, $ 

CLR TIO 
RET 



; Transmit the character out the serial 
; port and wait until complete. 



.****************************************************************** 



; Input routines . 



.****************************************************************** 



; IN_TIME takes two decimal characters 
; as a hexadecimal number. 
IN_TIME : CALL IN_CHAR 



MOV 

MUL 

XCH 

CALL 

ADD 

RET 



B, #0Ah 
AB 
A, B 
IN_CHAR 
A, B 



from the serial port, and formats them 
;Get tens digit. 

;Multiply first digit by 10 and save to 
; add to ones digit. 

;Get ones digit and add it. 

,-Acc now has hex value of 2 decimal digit 

; number. Exit. 



IN_CHAR: JNB RIO, $ 

CLR RIO 

MOV A, SBUFO 

CALL OUT_CHAR 

PUSH ACC 

ANL A, #0F0h 

CJNE A, #3 Oh, IN_CHAR 

POP ACC 

ANL A, #0Fh 
RET 



,-Wait for character. 



;Echo character back. 
;Save copy of A. 

;If bits 7-4 are not 3h, then character 
; is not 0-9. Get another character. 
; Restore A. 
;Acc now contains 0-9 



*************************************************************************** 
RTC_INT - This ISR notifies the user that an alarm has occurred, and gives 
the time of the alarm. 



************************************ 
RTC_INT: ANL RTCC, #0FDh 

MOV DPTR, #ALARM_MSG 
CALL OUT_STRING 
CALL OUT_TIME 
RET I 



************************************** 
; Clear RTC Interrupt flag. 

; Display alarm message and time of alarm. 
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RTC CRYSTAL CONSIDERATIONS 

The most important factor in the accuracy of the RTC (or 
any oscillator) is the characteristics of the oscillator 
crystal. The DS87C530 is rated for an accuracy of +2 
minutes per month over the full operating range of the 
device. Even higher accuracy can be obtained by con- 
trolling the temperature of the device and using the RTC 
calibration procedures described later. The DS87C530 
has been designed to operate with 32.768 KHz RTC 
crystals with a load capacitance (C L ) of 6 pF or 1 2.5 pF. 



Unlike some crystal amplifiers, no external load capaci- 
tors are needed with the RTC crystal. 

Dallas Semiconductor products are compatible with 
industry standard crystals. Table 2 shows a number of 
common 32.768 KHz crystals. This list is by no means 
exhaustive, and the inclusion or exclusion of any vendor 
from this list is in no way a comment on the suitability of a 
specific crystal in a customer's application. 



STANDARD 12.5 PF AND 6 PF RTC CRYSTALS Table 2 



MANUFACTURER 


MODEL 


C L 


PACKAGE 


Epson Crystal Corp. 


MC-306 32.768K E 


6.0 pF 


SMT 




MC-306 32.768K A 


12.5 pF 


SMT 


KDS America 


DT-26S 32.768 KHz 


6pF 


Cylinder 




DT-26S 32.768 KHz 


12.5 pF 


Cylinder 




DMX-26 32.768 KHz 


6pF 


SMT 




DMX-26 32.768 KHz 


12.5 pF 


SMT 


AVX/Kyocera 


KF-38G-12P5200 


12.5 pF 


Cylinder 




KS-309G-12P5200 


12.5pF 


SMT 



SELECTING LOAD CAPACITANCE 

The value of C L has the most bearing on the long-term 
accuracy of the RTC. This parameter specifies the 
capacitive load that the crystal needs to "see" across its 
pins to oscillate at its rated frequency. Note that C L is not 
the capacitance of the crystal itself, but rather the 
capacitance of the oscillator circuit and any capacitors 
connected to the crystal. Using a crystal that has a dif- 
ferent C L than the actual load capacitance of the circuit 
will affect the frequency of the oscillator. In general, 
using a crystal with a C L that is larger than the load 
capacitance of the oscillator circuit will cause the oscil- 
lator to run faster than the specified nominal frequency 
of the crystal, and vice versa. 

The DS87C530 defaults to a mode which makes it com- 
patible with a 12.5 pF crystal, but can be switched to 6 
pF by clearing the RTC Capacitance Select bit X12/6 
(TRIM. 6). Although both crystal types will remain within 
the specified accuracy, each has a different advantage. 
The reduced loading of a 6 pF crystal will reduce the 
power consumption of the RTC crystal oscillator by 25 to 
50 percent, increasing the life of the backup battery. A 
12.5 pF crystal, however, is less affected by noise and 
will maintain a higher accuracy over an extended time. 
Changing the capacitance of the RTC crystal amplifier 
has no effect on the system clock crystal attached to the 
X1 and X2 pins. 



FINE-TUNING THE OSCILLATOR 
FREQUENCY 

Although the DS87C530 RTC is designed to oscillate at 
exactly 32.768 KHz, variations in the device, crystal, 
temperature, and board layout can produce minor tim- 
ing variations. By adjusting the RTC Trim Bits located in 
the RTC Trim Register (TRIM;96h), the internal capaci- 
tance of the RTC circuitry can be slightly adjusted to 
improve timing accuracy beyond the minimum speci- 
fied. Although the trim bits do not correspond to an 
absolute value of capacitance or frequency shift, they 
provide a relative adjustment. 

Please note that under normal circumstances, adjusting 
the RTC Trim Bits is not necessary. Upon a no-battery 
reset, the DS87C530 will reset its internal capacitance 
to a default value which will guarantee the minimum 
accuracy specified. If you do not require accuracy better 
than 2 minutes per month, please skip this section. 

To aid the user in determining the true frequency of the 
RTC, a 4096 Hz signal derived from the 32.768 KHz 
crystal is available on the P1 .7 pin by setting the E4K bit 
(TRIM. 7). This can be measured with a frequency 
counter to determine the RTC frequency. Do not attempt 
to measure the frequency of the RTC at the leads of the 
crystal. The capacitance of oscilloscope probes will dis- 
tort the operation of the crystal and report erroneous val- 
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ues. The error of the RTC in minutes per month can be 
calculated from the following formula: 

(P1 .7 Frequency - 4096.000 Hz)*(1 0.547) [minutes/month] 

Note that this error is calculated at a specific tempera- 
ture and voltage. Crystal characteristics change over 
temperature, and the designer is advised to character- 
ize the error over the system's range of expected oper- 
ating conditions. 

The trim register features extensive protection to avoid 
accidental corruption. All of the bits of the trim register 
require a Timed Access procedure to modify them. In 
addition, writes to the trim register must be done in com- 
plementary pairs. Each of the three trim bits has a com- 
plement bit which must be set simultaneously. This is to 
ensure that any writes to the TRIM register are inten- 
tional. If an invalid bit sequence is written to the trim bits, 
the TRIM register will reset to 0x100101 binary. This is 
the no- battery reset value, except that the X1 2/6 bit will 
remain unchanged. The settings of the TRIM bits do not 
correspond to an absolute value of capacitance or fre- 
quency, and are only used to provide a relative adjust- 
ment. 

To adjust the RTC trim bits, place the device into the tar- 
get system with the selected crystal and remove any 



sources of loading from P1 .7. Then attach a frequency 
counter to P1 .7 and perform the following procedure. 

1 . Perform a Timed Access procedure, 

2. Set TRIM.7, E4K, and modify the TRMx bits, writing 
their complements to the TRMx\ bits in the same 
instruction. This will enable the external 4096 Hz sig- 
nal, on P1.7, 

3. Record the frequency, 

4. Repeat steps 1-3 eight times until all combinations 
of TRM0, TRM1 , TRM2 have been measured. 

After all the measurements have been taken, the mea- 
surement closest to 4096.00 Hz is the most accurate 
setting of the TRMx bits. Program this value into the 
TRIM register for the maximum accuracy. An example 
program is provided below. 

PROGRAM EXAMPLE: RTC CALIBRATION 

The following program example is provided to assist 
system designers in calibrating their RTC for maximum 
accuracy. It demonstrates how to set the RTC trim bits 
and pause the program to allow time to read the fre- 
quency output on P1 .7. 



*************************************************************************** 

Program RTC_CALB . ASM 

This program configures the DS87C530 so that the internal RTC frequency can 
be measured. A 4 KHz signal, derived by dividing the 32.768 KHz RTC by 8, 
will be asserted on pin PI . 7 . The device will step through the 8 settings of 
the RTC trim bits, displaying the current contents of the trim register on 
port 3. A delay of approximately 15 seconds (at 25 MHz) is inserted between 
each setting to allow time to record the frequency. 

To calibrate the RTC capacitance, connect a frequency counter to pin PI. 7 and 
execute this program. Record the frequency from the counter and the trim bit 
settings as shown on port 3 as it steps through the 8 possible trim settings. 
The setting that produces a frequency closest to 4096 Hz is the most accurate 
setting of RTC capacitance. 

*************************************************************************** 



RTCC equ 0F9h 

TA equ 0C7h 

TRIM equ 96h 

P3 equ OBOh 



Real Time Clock Control 
Timed Access Register 
RTC Trim Register 
Port 3 Latch 
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; These definitions are for 



TRIMO 




95h 


TRIM1 


equ 


96h 


TRIM2 


equ 


99h 


TRIM3 


equ 


9Ah 


TRIM4 


equ 


0A5h 


TRIM5 


equ 


0A6h 


TRIM6 


equ 


0A9h 


TRIM7 


equ 


OAAh 


• These 


definitions are 


; TRIMO 


equ 


0D5h 


; TRIM1 


equ 


0D6h 


} TRIM2 


equ 


0D9h 


; TRIM3 


equ 


ODAh 


; TRIM4 


equ 


0E5h 


; TRIM5 


equ 


0E6h 


; TRIM6 


equ 


0E9h 


; TRIM7 


equ 


OEAh 


cseg 


at 







LJMP 


START 


cseg 


at 


100H 



6 pF crystal calibration. 

■ First trim bit setting 
Second trim bit setting 
: Third trim bit setting 
; Fourth trim bit setting 
Fifth trim bit setting 
Sixth trim bit setting 
Seventh trim bit setting 
: Eighth trim bit setting 

12.5 pF crystal calibration. 
; First trim bit setting 
; Second trim bit setting 
; Third trim bit setting 
; Fourth trim bit setting 
; Fifth trim bit setting 
; Sixth trim bit setting 
; Seventh trim bit setting 
; Eighth trim bit setting 

,- Reset vector. 



; Start of program 



(6 pF) 
(6 pF) 
(6 pF) 
(6 pF) 
(6 pF) 
(6 pF) 
(6 pF) 
(6 pF) 



5 pF) 

5 pF) 

5 pF) 

5 pF) 

5 pF) 

(12.5 pF) 

(12.5 pF) 

(12.5 pF) 



(12. 
(12. 
(12. 
(12. 
(12. 



START: 



MOV 

MOV 
MOV 
MOV 



P3, #0AAh 

TA, #0AAh 
TA, #55h 
RTCC, #01h 



;I'm alive message. 
; Timed access. 

; Start RTC and clear RTC interrupt flag. 



LCALL HALFSEC ; Delay to give RTC oscillator time to 

; warm up. 

; End of initialization. Now step through all the settings of the trim bits. 



MOV 
LCALL 



RO , #TRIM0 
NEXT_SETTING 



;Trim setting 



MOV 
LCALL 



RO , #TRIM1 
NEXT_SETTING 



;Trim setting 1 



MOV 
LCALL 



RO , #TRIM2 
NEXT_SETTING 



;Trim setting 2 



MOV 
LCALL 



RO , #TRIM3 
NEXT_SETTING 



;Trim setting 3 



MOV 
LCALL 



RO , #TRIM4 
NEXT_SETTING 



;Trim setting 4 
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MOV 
LCALL 



MOV 
LCALL 



RO, #TRIM5 ;Trim setting 5 



;Trim setting 6 



RO , #TRIM6 
NEXT SETTING 



DONE: 



MOV 
LCALL 



MOV 
JMP 



RO, #TRIM7 
NEXT_SETTING 

P3, #0FFh 
DONE 



;Trim setting 7 



;Turn on all port 3 pins to signal 
; we ' re done . 



*************************************************************************** 
NEXT_SETTING - This subroutine writes the new setting to the RTC trim register, 
displays the value of the trim register on port 3 for reference, 
and delays for a period to give time to record the data 
*************************************************************************** 



NEXT_SETTING : 
MOV 
MOV 
MOV 
NOP 
MOV 

SEC30: MOV 
SECLOOP : LCALL 
DJNZ 
RET 



TA, #0AAH 
TA, #55h 
TRIM, RO 

P3, TRIM 

R3, #30 
HALFSEC 
R3 , SECLOOP 



; Timed access. 

;Set E4K and new trim setting. 

; Output value of trim register. 

;15 second delay with 25 MHz crystal. 



*************************************************************************** 
HALFSEC - This subroutine generates a delay of approximately 0.5 second with 
a 25 MHz crystal. 

*************************************************************************** 
HALFSEC: MOV R0,#25 
OUTER: MOV Rl,#125 

MIDDLE: MOV R2,#249 
INNER : NOP 

DJNZ R2 , INNER 

DJNZ Rl , MIDDLE 

DJNZ RO , OUTER 

RET 
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NOISE AND CRYSTAL LAYOUT GUIDELINES 

The crystal inputs of the DS87C530 RTC (RTCX1, 
RTCX2) have a very high impedance. Unfortunately, 
this can cause the leads to the crystal to function as 
antennae, coupling high frequency signals into the RTC 
circuitry from the rest of the system. This can lead to a 
distortion of the crystal oscillator signal, resulting in 
extra or missed clock edges. In most situations high fre- 
quency noise will present the greatest problem, causing 
the clock to run fast. 

The following procedure can be used to determine if 
noise is the cause of the inaccuracy of a RTC: 

1 . Power the system up and synchronize the RTC to a 
known, accurate clock, 

2. Remove Vcc to the device (but maintain Vbat), 

3. Wait for a long period of time (24 hours), 

4. Apply V cc , read the RTC, and compare to the 
known, accurate clock, 

5. Resynchronize the RTC to the known, accurate 
clock, 

6. Keep system powered up and wait for the same 
period of time in step 3, 

7. Read RTC and compare to the known, accurate 
clock. 

The above procedure allows the designer to measure 
the inaccuracy of the clock both when the system is 
operating and when it is powered down. If the clock 
appears less accurate when powered up, the most likely 
culprit is system noise. If the inaccuracy remains 



whether the system is on or off, then the cause is most 
likely not system noise. 

Because the crystal pins are highly susceptible to cou- 
pling noise, care must be taken when locating the exter- 
nal crystal on the PCB and when routing traces. The fol- 
lowing guidelines are presented to reduce the effect of 
external noise on the RTC. 

1 . Place the crystal as close as possible to the RTCX1 
and RTCX2 pins. Short traces reduce stray capaci- 
tance and noise coupling. 

2. Keep the use small crystal bond pads and short 
traces to the RTCX1 and RTCX2 pins. Larger pads 
and longer traces are more likely to couple noise 
from adjacent circuits. 

3. Place a ground guard ring around the crystal. This 
helps isolate the crystal from adjacent signals. 

4. Avoid routing signals beneath the crystal or 
RTCX1/RTCX2 traces. This helps isolate the crystal 
from adjacent signals. It is especially important to 
keep high frequency signals and devices as far 
away from the crystal as possible. 

5. Place a local ground plane directly beneath the 
ground guard ring. This helps isolate the crystal from 
signal layers below the crystal. 

Figure 2 shows the recommended placement of the 
RTC crystal, guard ring, and ground plane. The illustra- 
tion shows one common orientation for a 4-pin surface 
mount crystal, but pin orientations will vary between 
manufacturers and package types. 
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EXAMPLE CRYSTAL PLACEMENT ON PCB Figure 2 




101994 22/22 



354 



APPLICATION NOTE 80 



DALLAS 

SEMICONDUCTOR 



Application Note 80 

Using the High-Speed Micro's 
Watchdog Timer 



INTRODUCTION 

Today, microcontrollers are being used harsh environ- 
ments where electrical noise and electromagnetic- 
magnetic interference (EMI) are abundant. In environ- 
ments like this, it is beneficial if the system contains 
resources to help ensure proper operation. In many sys- 
tems, a commonly used technique for verifying proper 
operation is the incorporation a watchdog timer. 

A watchdog timer is fundamentally a time measuring 
device that is used in conjunction with, or as part of, a 
microprocessor and is capable of causing the micropro- 
cessor to be reset. In a properly designed system, the 
watchdog will cause a reset when the microprocessor is 
not operating correctly, thereby eliminating the faulty 
condition. In a typical application, the watchdog timer is 
configured to reset the processor after a predetermined 
time interval. If the processor is operating correctly, it will 
restart the watchdog before the end of the interval. After 
being restarted, the watchdog will begin timing another 
predetermined interval. If the watchdog is not restarted 
by the processor before the end of the interval, a watch- 
dog time-out occurs. This results in the processor being 
reset. If the system software has been designed cor- 
rectly, and there has been no hardware failure, the reset 
will cause the system to operate properly again. Of 
course, the reset condition must be a safe state. For 
instance, it would not be wise to have the reset state of a 
disk drive controller enabling the write head. 

Many systems have been designed using an external 
watchdog timer. The need for this additional external 
component is eliminated, however, with the DS80C320. 
The DS80C320 contains its own very capable, internal, 
watchdog timer. The features and the use of this watch- 
dog timer are the subject of this application note. 

GENERAL USE OF A WATCHDOG TIMER 

The primary application of a watchdog timer is as a sys- 
tem monitor (as discussed in detail in the section 
below). With a watchdog timer, a system can be 



designed to be very good at detecting and correcting an 
out of control microprocessor. A system using a watch- 
dog timer is particularly well suited to detecting bit 
errors. Momentary bit errors can be caused by such 
things as soft memory failures and electromagnetic dis- 
charges into memory devices and their interfaces. 
These can cause temporary bit polarity flipping of data 
into and out of the processor. When this occurs while 
fetching program information, the microprocessor will 
begin executing erroneous code. Potentially, the pro- 
cessor could begin executing operands instead of op- 
codes. When the processor begins executing this bad 
code, it will not properly execute the code that restarts 
the watchdog. After the time-out interval, the watchdog 
will cause a processor reset. In a properly designed sys- 
tem, the reset will correct the error. 

Regardless of how capable a watchdog timer might be, 
it cannot resolve all reliability issues. There are certain 
failures that cannot be corrected by a reset. For 
instance, a watchdog timer cannot prevent the corrup- 
tion of data. In its basic form, the watchdog restart is 
dependent on proper program execution, and generally, 
does not depend on the values in data memory. Unless 
corruption of data affects program flow, or some extra 
measures are taken, data corruption will not cause a 
watchdog time-out. Of course, self-diagnostic software 
can be written in such a way as to make restarting the 
watchdog contingent on verification of data memory. 
While this approach can be very effective and is quite 
common, it is beyond the scope of this document to dis- 
cuss in detail. 

Also note that a watchdog timer cannot detect a fault 
instantaneously. By definition, the watchdog timer must 
reach the end of a predetermined time interval before it 
resets the processor. This fact explains why a minimum 
possible time-out interval should be selected. In this 
way, a minimum amount of time expires before an out of 
control condition is corrected. 
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THE WATCHDOG AS A SYSTEM 
SUPERVISOR 

The most common use of the High Speed Micros watch- 
dog timer is as a system supervisor. While it can be used 
in a number of different ways, some of which will be dis- 
cussed in this document, system supervisor is the most 
common application. In system supervisor mode, the 
timer is restarted periodically by the processor as 
described above. If the processor runs out of control, the 
watchdog will not be restarted, it will time-out, and sub- 
sequently will cause the processor to be reset. 

In the High Speed Micro, the watchdog timer is driven by 
the main system clock that is supplied to a series of 
dividers. The divider output is selectable, and deter- 
mines the interval between time-outs. When the time- 
out is reached, an interrupt flag will be set, and if 
enabled, a reset will occur 51 2 clocks later. The interrupt 
flag will cause an interrupt to occur if its individual 
enable bit is set and the global interrupt enable is set. 
The reset and interrupt are completely discrete func- 
tions that may be acknowledged or ignored, together or 
separately for various applications. 

When using the watchdog timer as a system monitor, 
the watchdog's reset function should be used. If the 
interrupt function were used, the purpose of the watch- 
dog would be defeated. To explain, assume the system 
is executing errant code prior to the watchdog interrupt. 



The interrupt would temporarily force the system back 
into control by vectoring the CPU to the interrupt service 
routine. Restarting the watchdog and exiting by an RETI 
or RET would return the processor to the lost position 
prior to the interrupt. By using the watchdog reset func- 
tion, the processor is restarted from the beginning of the 
program, and thereby placed into a known state. 

This is not to say that the DS80C320 watchdog's inter- 
rupt function is not useful for the system monitor 
application. Since the reset occurs 512 clocks after the 
interrupt, a short interrupt service routine can be used to 
store critical variables before the reset occurs. This may 
allow the system to return to proper operation in a state 
that more closely resembles the conditions before the 
failure. Of course, if the data is the source of the error, 
storing it without correction would be of no benefit. For 
any specific system, the approach taken is a function of 
the system and the level of reliability required. 

As mentioned above, the watchdog timer in the 
DS80C320 is driven by the main system clock that is 
passed through a series of dividers. The divider output 
may be selected by the user, allowing a time-out of 2 1 7 , 
2 20 , 2 23 , or 2 26 clocks. If enabled, a reset of the proces- 
sor will occur 512 clocks later. Table 1 shows the reset 
time in 




DS80C320 WATCHDOG RESET TIME INTERVALS Table 1 



CLOCKS 


@ 1.832 MHz 


@ 11. 059 MHz 


@12 MHz 


@25 MHz 


2 17 + 512 


71.83 ms 


11.90 ms 


10.97 ms 


5.26 ms 


2 20 + 512 


572.6 ms 


94.86 ms 


87.42 ms 


41 .96 ms 


2 23 + 512 


4.58 s 


758.6 ms 


699.1 ms 


335.6 ms 


2 26 + 512 


36.63 s 


6.07 s 


5.59 s 


2.68 s 



The other primary concern in setting the watchdog 
time-out interval is the ability to locate the restart com- 
mands within the system software. This can be a very 
complicated issue depending on the nature of the sys- 
tem software. The most desirable approach is to have a 
single location within a single main loop of the system 
software that restarts the watchdog timer. The time 
required to pass through the main program loop will 
determine the required time-out interval. 



As can be seen, there is a range of time-out intervals 
available. The interval selected should be based on sev- 
eral issues. The first objective is to select an interval that 
represents the maximum time the processor can be 
allowed to run out of control. For example, a system that 
issues a position command to a robotic arm every 500 
milliseconds, ideally, would not use a time-out interval 
greater than this. Keeping the time-out interval shorter, 
ensures that there will be at most one bad command 
issued to the arm. 
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The above approach assumes that the system software 
flow is linear enough to allow it. Some programs are too 
convoluted and their flow is too non-linear to allow this 
approach. With a program structure like that, it is difficult 
to locate the correct points for watchdog restarts. One 
possible solution to this problem is to use the 
DS80C320's watchdog timer itself to assist in determin- 
ing the appropriate restart locations. This method uses 
the watchdogs interrupt capability, and is described in 
detail in a section below. 

In some systems, the software is too complex or the pro- 
gram flow is too variable to allow a complete and thor- 
ough analysis. It may be impossible to determine that all 
program paths have been covered by a watchdog 
restart. In this case, a different approach may be used. 
In this case, diagnostic software may be developed to 
test the system. This diagnostic software will be called 
at periodic intervals, perhaps using the interrupt feature 
of the watchdog timer. If the diagnostics pass, the 
watchdog is restarted. If not, the watchdog times out 
and the processor is reset. Of course in this case, the 
test must be thorough enough to be effective. The exact 
approach used in a given system may be any of the 
above or some combination of each, as appropriate for 
the application. 
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WATCHDOG RESET EXAMPLE 

A short program illustrating most of the basic watchdog 
timer functions is shown below. This program illustrates 
how to initialize the watchdog timer so that when it times 
out, it will cause a reset. 

The program illustrates one of the DS80C320 watchdog 
timer's unique features. Software that changes the 
watchdog's operation must perform a timed access 
operation. A timed access operation is a sequence of 
steps that must be executed together, in sequence, 
otherwise the access fails. The example program 
shows the timed access being used for restarting the 
watchdog and enabling its reset. As can be seen, the 
value OAAh is first written to the timed access register 
(TA). Next, the value 055h is written to the TA register. 
Finally, the protected bit is modified. These instructions 
must be executed in the sequence shown with no inter- 
ruption to gain access to the protected bit. Further 
details on timed access operation may be found in the 
High Speed Micro Users Guide. The watchdog timer 
bits that are protected by the timed access procedure 
are the Enable Watchdog Timer Reset (EWT = 
WDCON.1) bit, the WatchDog Interrupt Flag (WDIF = 
WDCON.3) bit, and the Restart Watchdog Timer (RWT 
= WDCON.O) bit. 



************************************ 

WD_RST.ASM Program 

This program demonstrates the use of the watchdog timer in 
the DS80C320. It uses the timer's reset capability. When 
running, the program sets port l's pins low to indicate 
the processor is idle waiting for the watchdog to time-out. When 
the watchdog times out, the processor is reset causing the port 
pins to return high. A delay is written into the program so that 
the port pins will be high long enough to be seen if attached to 
LEDs. 

************************************ 

Reset Vector 

ORG OOh 
SJMP START 

************************************ 
Main program body 
ORG 08 Oh 
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START: 



ORL 



CKCON, #080h ! Set Watchdog time-out period 2**23 

; (approximately 758 mS @ 11.059 MHz) 



In a real application, the next three lines would be placed 
at various locations in the program to restart the watchdog 
before it times out. 

MOV TA, #0AAh ; Restart Watchdog timer 

MOV TA, #055h ,- using timed 

SETB RWT ; access . 



MOV 
MOV 
SETB 



TA, #0AAh ; Enable Watchdog timer reset 
TA, #055h ,- using timed 
EWT ; access . 



LOOP: 



MOV 
MOV 
DJNZ 
DJNZ 



Rl, #0FFh ; Create a delay loop so the port 

R2, #0FFh j pins are high long enough after 

R2, $ ; a reset to be seen. 

Rl , LOOP 



MOV 

MOV 
SJMP 



PI, #00 ; PI = 0, Reset causes PI = 1 

PCON, #01h; Go to idle mode waiting for reset 
$ 



****************************** 



THE WATCHDOG TIMER AS A LONG 
INTERVAL TIMER 

A slightly different application of the high speed micro's 
watchdog timer is as a long interval timer. In this applica- 
tion, the interrupt is enabled using the Enable Watchdog 
Timer Interrupt (EWDI=EIE.4) bit and the reset is left 
disabled. When the time-out occurs, the Watchdog 
Timer will set the WDIF bit (WDCON.3), and an interrupt 
will occur if the global interrupt enable bit (EA=IE.7) is 
set. The Watchdog Interrupt Flag will indicate the 
source of the interrupt, and must be cleared by software. 



* * * * 



As shown in the table above, intervals from 5.26 ms to 
2.68 seconds are available with a 25 MHz crystal. This 
interval is significantly longer than any possible using 
the standard 16-bit timers. 

Another short program illustrating features of the watch- 
dog timer is shown below. This program demonstrates 
how the watchdog timer and interrupts must be initial- 
ized for so that a time-out causes an interrupt. A short 
interrupt service routine is included. 



*************** 



* * * * 



********* 



WD_INT.ASM Program 

This program demonstrates the use of the watchdog timer of 

the 80C320. It uses the timer's interrupt generating capability. 

For purposes of demonstration, the program toggles Port l's pins 
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each time the watchdog's Interrupt Service Routine is entered. 
$MODS320 

************************************ 

Reset Vector 
; 

ORG OOh 
SJMP START 

************************************ 
Watchdog Interrupt Vector 

ORG 063h 
i 

MOV TA, #0AAh i Restart watchdog timer 

MOV TA, #055h ; using timed 

SETB RWT ; access . 

MOV TA, #0AAh ; Clear watchdog interrupt flag 

MOV TA, #055h ; using timed 

CLR WDIF ; access. 

CPL A ; Complement port 1 to show the 

MOV PI, A ,- interrupt routine was entered. 

RETI ; Return from interrupt . 

************************************ 
Main program body 
ORG 08 Oh 

START: 

ORL CKCON, #040h; Set Watchdog time-out period 2**20 

; (approximately 94.8 mS @ 11.059 MHz) 

MOV TA, #0AAh ; Restart Watchdog timer 

MOV TA, #055h j using timed 

SETB RWT ; access. 
i 

SETB EWDI ; Enable Watchdog Interrupt and 

SETB EA ; set global interrupt enable 

Here: MOV PCON, #01 ; Go to Idle mode and wait 

SJMP Here ; After interrupt, go back to idle 
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************************************ 



END 



THE WATCHDOG TIMER AS AN AID IN 
LOCATING RESTART INSTRUCTIONS 

As discussed above, locating the watchdog restart 
instructions in the system software can sometimes be 
difficult. The structure of the system software and the 
complexity of its flow, determines the task's level of diffi- 
culty. In the DS80C320, the watchdog timer itself can be 
used to assist in this activity. The general approach for 
this is to allow the watchdog to cause an interrupt, and 
from within the service routine, determine where in the 
code the interrupt occurred. By placing the watchdog 
restart instructions prior to this point, you can be 
assured that the watchdog will be restarted before the 
time-out (when the software flow follows this particular 
branch). This process is repeated until no more watch- 
dog interrupts occur. If the program flow is linear and not 
data dependent, the system will function as desired. 

The previous software example provides most of the 
software necessary to perform this function. As a first 
step however, the desired maximum time-out interval 
should be determined, and the code modified for this 
value. As always, the time-out selected is a function of 
the system and how long the micro can be allowed to run 
out of control. After modifying the software to initialize 
the desired watchdog time-out interval, the following 
instructions should be added to the Interrupt Service 
Routine. They will cause the processor to display the 
address of the instruction that would have been 
executed if the interrupt had not occurred. If this display 
mechanism is not convenient for the system imple- 
mentation, the address can be converted to ASCII and 
output on one of the serial ports. 

MOV R0, SP ; Get SP contents 

MOV P3, @ R0 ; Display high address byte 

DEC R0 ; Point to low address byte 

MOV P1 , @R0 ; Display low address byte 

SJMP $ ; Stop here 

The instructions above, move the contents of the Stack 
Pointer to R0 that is then used to point to the data 



pushed onto the stack when the interrupt was acknowl- 
edged. This address reflects the next instruction that 
would have been executed if the interrupt had not 
occurred. The high byte of the address is displayed on 
Port 3 pins, and the low byte of the address is displayed 
on Port 1 pins. If instructions to restart the watchdog 
timer are placed before this address, the watchdog will 
never reach time-out. 



SUMMARY 

When designing a system using a watchdog as a moni- 
tor, there are a number of considerations that must go 
into an effective design. First, the maximum time that the 
processor can run out of control will determine the maxi- 
mum watchdog time-out period. Once the time-out 
period is determined, the system software must be ana- 
lyzed to determine where to locate the watchdog restart 
instructions. For an effective design, the number of 
watchdog restarts should be kept to a minimum, and 
some consideration should be given to the likelihood of 
incorrectly executing a restart. As mentioned pre- 
viously, some system software is too convoluted or data 
dependent to ensure that all software flow paths are 
covered by a watchdog restart. This may dictate that a 
self-diagnostic software approach might be required. If 
there is an expected failure mechanism such as a peri- 
odic EMI burst or power supply glitch, the watchdog 
time-out should consider t 



For the watchdog reset to be an effective error correc- 
tion mechanism, the reset state of the processor must 
be safe. In some applications, the watchdog's interrupt 
capability might be used to manipulate data or the stack 
before the reset to ensure that the processor will func- 
tion properly after the reset. 

By carefully considering the above aspects, a system 
can be designed using a watchdog timer that will oper- 
ate in very harsh environments. 
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OVERVIEW 

All members of the High-Speed Microcontroller Family 
are designed to directly address up to 64KB of program 
and data memory. Occasionally, however, an applica- 
tion will require more memory than is either available 
on-chip or through the use of the 64KB memory map. 
The High-Speed Microcontroller Family includes many 
features which make it easy to address program and/or 
data memory greater than 64KB. Bit-addressable I/O 
ports allow s ingle instruction modification of control 
lines, which can be used to bank switch or page 
between multiple memory devices. The ROMSIZE™ 
feature allows easy memory resizing for devices with 
on-chip memory. 

This application note discusses the expansion of both 
program and data memory. It is subdivided into three 
main categories: expanding program memory of ROM- 
less devices beyond 64KB, using the ROMSIZE™ fea- 
ture to expand on-chip program memory up to and 
beyond 64KB, and expanding data memory. It begins 
with an introduction to bank switching and software sup- 
port techniques. 

BANK SWITCHING THEORY 

Expanded memory access beyond 64KB is most fre- 
quently done through bank switching. This technique 
uses one or more general purpose I/O lines as decode 
lines to address more memory. If a single large-capac- 
ity memory device is used, the additional signals can be 
used directly as address lines. If several smaller capac- 
ity memory devices are used, the signals can be used as 
chip selects. The basic unit of memory switched by the 
decode logic is called a bank or page. For example, if an 
I/O line was used to switch between two 64KB 
EPROMs, the memory would consist of two 64KB 
pages. 



Probably the biggest obstacle in using a paged memory 
scheme is the placement of the interrupt vector table. 
During most of the device operation, software can per- 
form an orderly switch between pages. When an inter- 
rupt occurs, however, the device will immediately jump 
to the appropriate vector address, below 0070h. The 
software has no control over the bank configuration at 
this point, and the device will attempt to jump to the low 
end of the cur rent bank to seek the vector table. 

There are two approaches to solving this problem. The 
simplest is to duplicate the interrupt vector table at the 
low end of each page. In this way, the interrupt vector 
table will be available at all times, regardless of the cur- 
rent memory configuration. There are a number of dis- 
advantages to this approach, however. It is an inefficient 
use of program memory as the interrupt vector table 
(approximately 120 bytes) and often the interrupt ser- 
vice routines, must be duplicated on every page. Also, 
some compilers do not directly support duplication of 
data across pages, complicating program generation. A 
more efficient approach is to reserve some lower portion 
of memory, which includes the interrupt vector table, so 
that it is not paged. This "common area" is directly 
accessible from any expanded bank without modifica- 
tion of the bank selection mechanism. Any time the pro- 
cessor performs a code fetch at this common area, 
hardware forces the memory to access this area, 
regardless of the current page. Careful design will allow 
the previous bank address to be saved, so that the 
device will return automatically when the operation in 
the common memory is complete. Interrupt service rou- 
tine execution times can be reduced by locating them 
along with the interrupt vector table in the common area 
located at the low end of memory. Most of the examples 
in this application note designate the lower region of 
memory as the common area. 
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SOFTWARE SUPPORT FOR MEMORY 
EXPANSION 

For a paged memory scheme to work, it is necessary to 
fragment the code into pages and provide a means for 
the software to switch between pages. Care must be 
exercised when switching pages that the instruction 
flow will not be disturbed. There are two main 
approaches to this. The first is to switch pages "on the 
fly." This is demonstrated in the simple page expansion 
example which follows. This approach causes program 
execution to jump directly from one expanded page to 
another expanded page. One must exercise caution so 
that the bank switch will occur at a location that corre- 
sponds to the start of the next instruction in the next 
bank. Failure to correctly align the instructions may 
cause the next opcode fetch to occur in the middle of a 
multi-byte instruction, resulting in complete loss of pro- 
gram control. 

A better approach is to change banks from a location 
that will be unaffected by the change. This is most often 
a common or unpaged location in memory, such as a 
reserved location where the interrupt vector table is 
located. Any access to lower memory is automatically 
switched into the common memory by hardware. This 
eliminates the code alignment difficulties with the simple 
page expansion above, and the need to duplicate inter- 
rupt vectors and/or interrupt service routines on each 
memory page. 

Many compilers and linkers directly support bank 
switching, and many of them include library functions for 
page switching. The documentation accompanying 
your compiler will provide information concerning its 
expanded memory support. Brief examples of assem- 
bly language support are listed after some of the exam- 
ples below. 

Care must be exercised if multiple pages are pro- 
grammed into a single EPROM. Many EPROM pro- 
grammers calculate program offsets using the address 
specified in the file, which can lead to misplaced code. 
For example, suppose that a paging scheme involves 



pages of code mapped into program space from 8000h 
to FFFFh. If the designer wished to locate a page at 
1 0OOOh in the EPROM, he or she would normally select 
an offset of 1 0OOOh in the EPROM when loading the file 
into the programmer. All addresses in the hex file begin 
at 8000h, however, which the device programmer would 
add to 1 0OOOh. This would inadvertently place the page 
at 18000h, which was not the intended result. Various 
device programmers implement offsets in different 
ways, and the designer is advised to consult the docu- 
mentation accompanying the device programmer for 
the best solution. 



ROMLESS PROGRAM EXPANSION 

The absence of on-chip program memory makes 
expanding the program memory of the DS80C320 rela- 
tively simple. Three approaches to expanding program 
memory are presented here. The first involves expan- 
sion of relatively small amounts of memory by duplicat- 
ing vector tables and overlapping pages. The second 
example uses a common bank for interrupt vectors and 
interrupt service routines, and pages memory using 
several general purpose I/O lines. The last example 
uses a latched address to address large amounts of 
memory without using additional general purpose I/O 
lines. 

Simple Page Expansion 

This example shows the simplest way of adding rela- 
tively small amounts of program memory. A single gen- 
eral purpose I/O line is used to provide up to 128K bytes 
of program memory. A single 27C010 128K byte 
EPROM is used, and is divided into two overlapping 
memory blocks. One general purpose I/O line, P1 .0 in 
this case, is used to provide bank switch control. It is 
latched by a 74F74, which is clocked on the rising edge 
of the PSEN signal. This synchronizes the bank switch 
with the memory cycle. This approach can be extrapo- 
lated to add even greater amounts of memory by using 
additional I/O lines. The hardware configuration for this 
example is shown in Figure 1 . 
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SIMPLE PAGE EXPANSION EXAMPLE HARDWARE Figure 1 



DS80C320 



PSEN 
PORT2 

ALE 
PORTO 




c 



74F37 
LATCH 







5 



27C010 
128K X 8 EPROM 



A16 



A7-A0 



DQ7-D10 



The simplicity of the hardware comes at the cost of 
some software complexity, however. This example uses 
two banks, both of which contain the interrupt vector 
tables in the lower portion of memory. This is necessary 
because when the device is reset, P1 .0 will be high, 
forcing the reset vector address to 10000h. Also, an 
interrupt may occur while executing code from either 



page, so the interrupt vectors must be available without 
software intervention. The interrupt vector table con- 
sumes approximately 115 bytes from locations OOOOOh 
to 00070h, and 10000h to 10070h. Additional space 
may be required if duplication of interrupt service rou- 
tines is desired on each page. 



SIMPLE PAGE EXPANSION EXAMPLE MEMORY MAP Figure 2 

1 FFFFh ■ 



17FFFh — 



OFFFFh 



07FFFh — 



OOOOOh 



BANK 1 
OOOOh - FFFFh 



INT. VECTORS 



BANKO 
OOOOh - FFFFh 



INT. VECTORS 
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This approach is most effective when page switching is 
kept to a minimum, i.e. executing straight runs of code. 
Code efficiency will be improved if the interrupt routines 
(not just the vectors) are small enough to be duplicated 
on each page as well. Data tables or strings accessed 
with MOVC instructions should be located on the same 
page as the instruction. 

This approach directly modifies the page without modi- 
fying the program counter. This means that the starting 
location in the new page will be the same at the end of 
the bank switch routine in the new page. Consequently, 
instruction location between pages is critical. Figure 3 
shows the timing relationship between a MOV P1 , A 
instruction and the bank select signal. In this example, 
the MOV instruction is located at location 5A10h, and 
the first instruction on the new page is located at 5A1 4h. 



The port pin which controls the bank selection will 
change during the first cycle following MOV instruction. 
The 74F74 latch causes the new bank selection to be 
valid on the prefetch during the execution of the second 
NOP. The first instruction on the new page must be at 
the address following the second NOP. 

There are other ways of modifying port pins, and this 
scheme will work with 2 cycle instructions such as MOV 
direct, direct, and 1 cycle instructions such as SETB bit. 
There are only two requirements on the bank switching 
instructions. The first instruction on the new page must 
be at the address following the second NOP. Also, the 
instruction proceeding the MOV instruction must not be 
a MOVX. The MOVX instruction timing is variable 
because of stretch cycles, and could disturb the instruc- 
tion flow. 



BANK SWITCHING TIMING DIAGRAM Figure 3 



Last Cycle of 
Previous 

Instr. & MOV 
Prefetch 



MOV 
Cycle 1 



MOV 
Cycle 2 & 
First NOP 
Prefetch 



First NOP 
Cycle 1 & 
Second NOP 
Prefetch 



Second NOP 

Cycle 1 & 
First Prefetch 
on New Page 



ALE 



1234123412341 234 1234 

^^juumjLruu^L^iaAnnn^ 
i i i i i i |j i i 



PSEN_T 



AD15-8 XI 



AD7-0 



X 



X 



X 



X 




New Page Address 
Latched by PSEN 



Common-Page Expansion Using I/O 

The following two examples use a common-block 
approach in dealing with the problem of interrupt vector 
placement. This allows faster interrupt service times, 
and simplifies code construction. Both examples 
employ a paging scheme with 1 6 pages of 32KB each. 
Page 0, mapped at OOOOh to 7FFFh, is the common area 
and contains the interrupt vector table and interrupt ser- 
vice routines. Address line A1 5 determines whether the 
common block, or one of the 15 expanded pages is 
addressed. 



This example shows how to address up to 512KB of 
ROM using the general purpose I/O lines on port 1 or 3 
as bank switching controls. Bank is a single 32KB 
page from to 7FFFh. This common area will contain 
the interrupt vectors and commonly used subroutines. 
Expanded memory will be contained in 15 pages of 
32KB mapped from 8000h to FFFFh. Bank control is 
provided by 4 general purpose I/O pins. The memory 
map is shown in Figure 4. 
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COMMON-PAGE EXPANSION MEMORY EXAMPLE MEMORY MAP Figure 4 



EPROM 
Address 

1 FFFFh " 



Code Address 
and P1.3-0 



17FFFh— 



OFFFFh- 



07FFFh- 



OOOOOh- 



BANK3 
8000h - FFFFh 
P1=x3h 



BANK 2 
8000h - FFFFh 
P1=x2h 



BANK 1 
8000h - FFFFh 
P1=x1h 



BANKO 
OOOOh - 7FFFh 
P1=xxh 



EPROM 
Address 

3FFFFh" 



37FFFh— 



2FFFFh- 



27FFFh- 



20000h- 



Code Address 
and P1.3-0 



BANK 7 
8000h - FFFFh 
P1=x7h 



BANK 6 
8000h - FFFFh 
P1=x26 



BANK 5 
8000h - FFFFh 
P1=x5h 



BANK 4 
8000h - FFFFh 
P1=x4h 



EPROM 
Address 

5FFFFh - 



Code Address 
and P1 .3-0 



57FFFh — 



4FFFFh - 



47FFFh- 



40000h- 



BANK11 
8000h - FFFFh 
P1=xBh 



BANK 10 
8000h - FFFFh 
P1=xAh 



BANK 9 
8000h - FFFFh 
P1=x9h 



BANK 8 
8000h - FFFFh 
P1=x8h 



EPROM 
Address 

7FFFFh - 



Code Address 
and P1 .3-0 



77FFFh- 



6FFFFh - 



67FFFh- 



60000h- 



BANK15 
8000h - FFFFh 
P1=xFh 



BANK 14 
8000h - FFFFh 
P1=xEh 



BANK 13 
8000h - FFFFh 
P1=xDh 



BANK 12 
8000h - FFFFh 
P1=xCh 



The hardware configuration is shown in Figure 5. Bank 
control is provided by P1 .0-3, decoded by 4 AND gates, 
requiring only a single IC package. When A1 5 is low, the 
device is forced to access only the lower 32KB of 



memory. This removes the need for software interven- 
tion when accessing the interrupt vector table in low 
memory. This example uses an 27C040 512KB 
EPROM. 



DS80C320 EXPANDED MEMORY EXAMPLE HARDWARE CONFIGURATION Figure 5 



DS80C320 



P1.3 



P1.0 

PORT2 

ALE 
PORTO 



c 



A15 



3 



> 



-N 

V 



74F373 
LATCH 







27C040 
512K X 8 EPROM 



A18 
A17 
A16 
A15 
A14-A8 

A7-A0 

DQ7-D10 
G 



1 
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The following software example shows an assembly stack and places it on P1 .0-3. The stack is then modi- 
language routine to jump to a new location in any bank fied so that the subsequent RET instruction will return to 
using I/O lines as shown in Figure 5. Before calling the the new program location. This is a simple demonstra- 
bank switch subroutine, software pushes the new tion of one of many possible ways to effect a bank- 
address and bank number onto the stack. It then calls a switch in assembly code, 
subroutine that pops the new bank address from the 



PROGRAM EXAMPLE: JUMPING BETWEEN BANKS USING I/O 

Program BANK JMP1. ASM 

This program demonstrates one possible way to jump between banks in a common- 
page memory expansion configuration using I/O. Four general purpose I/O pins 
at PI. 0-3 are used to control external bank selection. 



Software pushes the address in the new bank, as well as the new bank address 
onto the stack. The subroutine BANK JUMP , located at a non-paged address, 
modifies the page selection, and then repositions the stack pointer to the 
new address which was previously pushed onto the stack. The RET is then 
executed, resuming operation from the new address in the new page. Note that 
BANKJUMP can be called from any area in program memory. 

******************************************************************************** 
Equate table 

BANKMASK equ OFOh ; PI. 3-0 are used for bank selection. 

NEWSUB_BANK equ 03h ; Subroutine NEWSUB is located on page 03h. 



NEWSUB 



equ 



OFOOOh 



,-Address of subroutine NEWSUB. If a 
; compiler is used, it may supply this 
automatically. 



cseg 

cseg 
START: 



at 

LJMP 

at 

MOV 

MOV 

PUSH 

MOV 

PUSH 

MOV 

PUSH 





START 
100H 
PI, #0F0h 



A, #low 
A 

A, #high 
A 

A, #NEWSUB_BANK 
A 



,- Reset vector. 

; Start of program 
; Default to bank 0. 

,-Low byte of NEWSUB address. 



;High byte of NEWSUB address. 
;Bank address of NEWSUB. 



LJMP 



BANK JUMP 



;Call subroutine to switch operation 

;to new bank. This will transfer execution 

; to location NEWSUB in bank 



******************************************************************************** 
BANKJUMP - This subroutine pulls the new jump and page address off the stack. 
It modifies PI. 0-3, and then modifies the stack pointer to 
to the new address. It then RETurns to the new jump location. 
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This subroutine must be placed in a common, unpaged memory area. 
.******************************************************************************** 

BANKJUMP: CLR EA ; Disable all interrupts. 

Get the new page address off the stack 
and modify only PI. 0-3 to new bank 
address . 

Reenable interrupts . 
Stack pointer is now at new return 
address. Program will begin executing 
from new bank. 



CLR 

POP 

ANL 

ORL 

SETB 

RET 



EA 
A 

PI , #BANKMASK 

PI, A 

EA 



Common-Page Expansion Using Latched 
Data 

One drawback to the above design is that it requires I/O 
lines as bank controls. Some I/O intensive applications 
may not be able to spare port pins for bank switching. 
The following example uses a Lattice Semiconductor 
GAL26V12 programmable logic device (PLD) to latch 
the bank select signals, rather than using dedicated I/O 
pins. This approach uses the same memory map as the 
previous example, with the exception that data memory 
from FFEOh to FFFFh is not accessible. These 32 bytes 
are inaccessible because A5 through AO are not 
decoded, allowing a smaller, lower cost PLD to be used. 
Decoding more address lines would reduce the amount 
of inaccessible data memory, but would require a more 
complicated decoding mechanism. 

The GAL26V12 performs the bank switching function 
based on a write to MOVX data memory. Any write to 
data memory from FFEOh to FFFFh is decoded, and the 
lower four bits of the data written to that address are 
used to configure the bank switch select lines. The hard- 
ware configuration is shown in Figure 6. 



The source file for the PLD follows the illustration. It 
scans for any address in the selected range and latches 
the lower nibble of the data onto A15 - A18 of the 
memory device. Addressing locations between 80000h 
will temporarily clear the bank select lines forcing the 
EPROM to read from bank (OOOOh - 7FFFh). As soon 
as the lower memory operation is complete, accesses 
to the upper half of memory (8000h - FFFFh) will auto- 
matically return to the previous bank because the bank 
address is still latched in the registered outputs of the 
PLD. 

Although a variety of PLDs are suitable for this applica- 
tion, any device used must reset its outputs to on pow- 
er-up. This is necessary because upon power-up the 
device must be able to access the reset vector located 
at OOOOh in bank 0. When selecting a PLD, the designer 
should be aware that many standard programmable 
logic devices are designed so that their outputs go high 
upon reset. 
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DS80C320 LATCHED ADDRESS MEMORY HARDWARE EXAMPLE Figure 6 



DS80C320 

PORT2 



v- 



WR 



ALE 
PORTO 



PSEN 



. 



(8) 



A15-A8 



(3L 



74F373 
LATCH 



(4) 



D3-D0 



GAL 
26V12 








(8) 



V 



(8) 



A18 
A17 
A16 
A15 



A7-A0 



DQ7-DQ0 
G 



The following software example shows an assembly 
language routine to jump to a new location in any bank 
using latched data as shown in Figure 6. Before calling 
the bank switch subroutine, software pushes the new 
address and bank number onto the stack. It then calls a 



subroutine that pops the new bank address from the 
stack and writes it out to location FFFFh, where it is 
latched as the new bank address. The stack is then 
modified so that the subsequent RET instruction will 
return to the new program location. 



PROGRAM EXAMPLE: JUMPING BETWEEN BANKS USING LATCHED ADDRESSING 

*************************************************************************** 

Program BANKJMP2 . ASM 

This program demonstrates one possible way to jump between banks in a common 
page memory expansion configuration using latched addressing. 

Software pushes the address in the new bank, as well as the new bank address 
onto the stack. The subroutine BANKJUMP, located at a non-paged address, 
modifies the page selection, and then repositions the stack pointer to the 
new address which was previously pushed onto the stack. The RET is then 
executed, resuming operation from the new address in the new page. Note that 
BANKJUMP can be called from any area in program memory. 

*************************************************************************** 
Equate table 

OFFFFh ;Address of bank select latch. 

03h ; Subroutine NEWSUB is located on page 03h. 

OFOOOh ,-Address of subroutine NEWSUB. If a compiler is 

; used, it may supply this automatically. 



LATCH_ADR equ 
NEWSUB_BANK equ 
NEWSUB equ 



041995 8/13 



368 



APPLICATION NOTE 81 



cseg 



at 

LJMP 





START 



; Reset vector. 



cseg 
START: 



at 

MOV 

PUSH 

MOV 

PUSH 

MOV 

PUSH 



100H 



; Start of program 



A, #low NEWSUB ;Low byte of NEWSUB address. 
A 

A, #high NEWSUB ;High byte of NEWSUB address. 
A 

A, #NEWSUB_BANK ;Bank address of NEWSUB. 
A 



LJMP 



BANK JUMP 



;Call subroutine to switch operation 
r to new bank. 



*************************************************************************** 
BANKJUMP - This subroutine pulls the new jump and page address off the stack. 

It writes the new page address out to the PLD, where it is latched 
as the new page address . The RET then causes execution to the address 
specified in the function that called this routine. This subroutine 
must be placed in a common, unpaged memory area. 



************-* 



BANKJUMP: CLR 



r********************* 



r******************************* 



POP 

MOV 

MOVX 

SETB 

RET 



EA ; Disable all interrupts. 

; point to page address . 
A ;Get the new page address off the stack. 

DPTR, #LATCH_ADR ,-Write page address out to latch. 
@DPTR, A. 

EA ; Restore interrupts. 

; Stack pointer is now at new return 

; address. Program will begin executing 

; from new bank. 



The source file for the GAL26V12 PLD is presented to 
aid the designer in developing his or her own devices. 



The file was written in the CUPL language, but can be 
easily be modified to work with other assemblers. 



PROGRAM EXAMPLE: GAL PROGRAM FILE 

Name MEM_EXP ; 
Device g2 6vl2; 

/*****************************************************************: 

/** This CUPL file will program a GAL26V16 as a bank switching 

/** latch to address up to 512 kbytes of program memory. Any 

/** MOVX write to addresses FFEOh through FFFFh will latch DO - D3 

/** as the new bank selection. 

/** 

/** Any access to OOOOh through 7FFFh in program memory will clear 
/** the bank select lines for that operation only. This allows the 
/** device to jump to interrupt vectors with no intervention, and 
/** return to the same bank when finished. 



**************************** 



*************************************, 



/ * * 
/* 

/** PIN DEFINITIONS: These definitions are for 28 pin PLCC and DIP 
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/** 


Input 


pins **/ 




PIN 


1 




CLKIN; 


Clock input for GAL latches. 


PIN 


2 




A15 




Microcontroller address lines 


PIN 


3 




A14 






PIN 


4 




A13 






PIN 


5 




A12 






PIN 


6 




All 






PIN 


8 




A10 






PIN 


9 




A9 








PIN 


10 




A8 








PIN 


11 




A7 








PIN 


12 




A6 








PIN 


13 




A5 








PIN 


14 




D3 






Microcontroller data lines to 


PIN 


15 




D2 








PIN 


16 




Dl 








PIN 


17 




DO 








PIN 


28 




WR 


.STROBE 


Microcontroller write strobe 



Output pins 



PIN 


20 




CLKOUT; 


PIN 


18 




A18_LATCH; 


PIN 


19 




A17_LATCH; 


PIN 


22 




A16_LATCH; 


PIN 


23 




A15_LATCH; 


PIN 


24 




MEMADR_1 8 ; 


PIN 


25 




MEMADR_17; 


PIN 


26 




MEMADR_1 6 ; 


PIN 


27 




MEMADR_15; 



Qualified microcontroller write strobe. It is fed 

back into the GAL 26V12 CLK input. This 

signal must be assigned to pin 20 or 22 because 

it requires 12 product terms. 

Temporary latch of A18 memory signal. 

Temporary latch of A17 memory signal. 

Temporary latch of A16 memory signal. 

Temporary latch of A15 memory signal. 

Output to memory device pin A18. 

Output to memory device pin A17. 

Output to memory device pin A16. 

Output to memory device pin A15. 



;PIN 7 
;PIN 21 



VCC 
GND 



/** Qualify write strobe to detect valid bank latch write. **/ 
BANK_SEL = A15 & A14 & A13 & A12 & All & A10 & A9 & A8 & A7 & A6 & A5 
CLKOUT = !WR_STROBE & BANK_SEL 

/** BANK SELECT GENERATION **/ 
A15_LATCH.D = DO 

A15_LATCH.OEMUX = .-Disable external expression of this signal. 
MEMADR_15 = Al 5_LATCH . Q & A15 

/** BANK SELECT 1 GENERATION **/ 
A16_LATCH.D = Dl 

Al 6_LATCH . OEMUX = ,-Disable external expression of this signal. 
MEMADR_16 = A16_LATCH . Q & A15 
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/** BANK SELECT 2 GENERATION **/ 
A17_LATCH.D = D2 

Al7_LATCH.OEMUX = ; Disable external expression of this signal. 
MEMADR_17 = A17_LATCH . Q & A15 



/** BANK SELECT 3 GENERATION 
A18_LATCH.D = D3 
A18_LATCH.0EMUX = .-Disable 
MEMADR_18 = A18_LATCH . Q & A15 



external expression of this signal. 



USING THE ROMSIZE FEATURE 

The ROMSIZE feature allows software to dynamically 
reconfigure program memory size, permitting a portion 
of program memory to be switched between on- and 
off-chip. It provides an easy way to increase program 
memory to 64KB plus on-chip memory. In addition, it 
simplifies the task of building a boot-loader for external 
programmable memory, such as FLASH, EEPROM, or 
Non-Volatile SRAM (NVSRAM). 

Using the ROMSIZE feature is very straightforward. Bits 
RMS2, RMS1 , RMSO (ROMSIZE.2-0) select the maxi- 
mum amount of on-chip memory. The ROMSIZE select 
bits are Timed Access protected to ensure maximum 
software reliability. Any program memory accesses out- 
side of the range defined by the ROMSIZE register will 
automatically be fetched externally via ports and 2. 
External code fetches on devices with the ROMSIZE™ 
feature are performed in the same way as on all mem- 
bers of the High-Speed Microcontroller Family. The 
designer is reminded that if ports and 2 will be used for 
external memory access, they should not be used as 
general purpose I/O ports. 

The modification of the ROMSIZE register must be fol- 
lowed by a 2 machine cycle delay, such as executing 2 
NOP instructions, before jumping to the new address 
range. Interrupts must be disabled during this operation, 
because a jump to the interrupt vector during the chang- 
ing of the memory map can cause erratic results. The 
procedure to reconfigure the amount of on-chip 
memory is as follows: 

1 . Jump to a location in program memory that will be 
unaffected by the change, 

2. Disable interrupts by clearing the EA bit (IE. 7), 

3. Write AAh to the Timed Access Register (TA;C7h) 

4. Write 55h to the Timed Access Register (TA;C7h) 

5. Modify the ROM Size Select bits (RMS2-0), 

6. Delay 2 machine cycles (2 NOP instructions), 



7. Enable interrupts by setting the EA bit (IE.7). 

There are a number of software considerations when 
using the ROMSIZE feature to switch between on- and 
off-chip memory. Modification of the ROM Size Select 
register must be made from a program memory location 
that will be valid both before and after the on-chip 
memory configuration. Care must be exercised when 
assembling or compiling the program so that all the 
modules are located at the correct starting address, 
including the interrupt vector table. 

If the kbyte on-chip memory option is selected, extra 
precautions must be taken. It is necessary to duplicate 
the interrupt vector table in off-chip memory when 
switching the lower 1 KB of program memory from on- 
chip to off-chip. In general, applications will find it most 
useful to reduce the on-chip memory no smaller than 
1KB. This will maximize the addressable external 
memory range, while keeping the interrupt vectors on- 
chip. The OKB option is most useful when the on-chip 
memory is only used as a boot loader. 

EXPANDING MEMORY BEYOND 64KB WITH 
THE ROMSIZE FEATURE 

Addressing more than 64KB of external memory in con- 
junction with the ROMSIZE™ feature is done similar to 
the ROMIess method. The primary difference is that the 
ROMSIZE™ feature allows the designer to use the on- 
chip program memory as the "common" block. This sim- 
plifies the construction of external hardware, as the 
common block memory signal (the A15 signal in the 
examples presented) does not have to be decoded. 

The key to designing with the ROMSIZE feature is to 
incorporate the on-chip memory into the memory map 
with the most efficient memory utilization and simplest 
decoding method. There are many approaches to this 
problem, but only one will be presented here. This 
example uses 16KB of on-chip memory, plus eight 
48KB pages of expanded memory located in a 27C040 
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512KB EPROM. This provides a total program memory 
of 400KB. The interrupt vectors and service routines are 
contained in the on-chip memory for fast t 



Figure 7 shows one possible memory map for use with 
the DS87C520 incorporating 16KB of on-chip EPROM. 
Note that program memory from OOOOh to 3FFFh on 
each external page is not used. This greatly simplifies 
the design of the memory decode, requiring no external 
logic and one less I/O line. Figure 8 shows how to use 
three I/O lines to directly decode th euppoer address 



lines of the device. Software for this configuration is sim- 
ilar to that presented in previous examples. 

It is also possible to use the ROMSIZE™ feature in con- 
junction with a latched bank address on the MOVX bus. 
Similar to the ROMIess example, this approach does 
not require dedicated I/O pins for bank switching. 
Because the use of on-chip program memory allows for 
a simpler decode circuit, less expensive PLDs may be 
used. 



ROMSIZE™ FEATURE COMMON-PAGE EXPANSION MEMORY MAP Figure 7 

27C040 EPROM 



3FFFFh " 



33FFFH — 
2FFFFh — 



DS87C520 
PROGRAM 
MEMORY 



3FFFh — 
OOOOh — 



ON-CHIP 
OOOOh - 3FFFh 



23FFFh " 
"IFFFFh - 



13FFFh — 
OFFFFh — 



03FFFh - 



OOOOOh — 



BANK 3 
4000h - FFFFh 



RESERVED 



BANK 2 
4000h - FFFFh 



BANK 1 
4000h - FFFFh 



RESERVED 



BANKO 
4000h - FFFFh 



RESERVED 



7FFFFh — 



73FFFh " 
6FFFFh " 



63FFFh " 



43FFFh — 
40000h — 



BANK 7 
4000h - FFFFh 



RESERVED 



BANK 6 
4000h - FFFFh 



RESERVED 



BANKS 
4000h - FFFFh 



BANK 4 
4000h - FFFFh 
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DS87C520 



P1.2 
P1.1 
P1.0 

PORT2 

ALE 
PORTO 

PSEN 



c 



c 



74F373 
LATCH 



27C040 
512K X 8 EPROM 



A18 
A17 
A16 

A15-A8 

A7-A0 

DQ7-OQ0 
G 



1 



Expanding the amount of data memory used by the 
microcontroller is the easiest form of memory expan- 
sion. Because there is no possibility of interfering with 
program execution, timing is not as critical. General pur- 
pose I/O lines can be connected directly to the address 
lines or chip enables of the memory device(s). The 



appropriate port pin can be directly modified to access 
the correct page prior to the memory operation. If the 
application requires all available I/O lines, then a 
latched bank address scheme demonstrated in the 
above examples can be used. 
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High-Speed Micro Memory Interface Timing 



INTRODUCTION 

The DS80C320 microcontroller was the first member of 
the new High-Speed Micro Family from Dallas Semi- 
conductor. Since its introduction in 1993, there have 
been a number of new micros introduced which include 
new features and peripherals. The family now includes 
the DS80C310, DS87C520, and DS87C530, among 
others. The DS80C320 is unique in the family because it 
has slightly different external memory interface timing 
than the other members. When the DS80C320 was 
introduced, an application note (#57) was published to 
describe the speed requirements for the memories that 
interfaced to it. This application note serves the same 
purpose for the more recent family introductions. 

One major difference in the timing of the new members 
of the family and the DS80C320 is that the original 
DS80C320 had a maximum clock rate of 25 MHz. All of 
the more recent 5 volt micros were introduced at a maxi- 
mum clock rate of 33 MHz. Obviously, this affects the 
timing of the external memory interfaces significantly. 
The analysis that follows is based on a "worst case" tim- 
ing using a 33 MHz clock, but will also identify memory 
speeds required for other frequencies as well. 

A common configuration for a High-Speed Micro based 
system is shown in Figure 1 . In this example, both pro- 
gram (EPROM) and data (SRAM) memory devices are 
included in the system. Of course with an EPROM 
based part such as the DS87C520, it is likely that no 
other program storage will be required outside the pro- 
cessor. However, for the purposes of this discussion, it 
will be assumed that external program storage will be 
used. If the application dictates the use of both on- 
board and external program memories, some additional 
decoding logic (not shown) may be required so that the 
two memory spaces do not overlap. 

As with all 8051 external memory interfaces, Port lines 
(P0.7-P0.0) of the processor carry both address and 



data, and a latch is used to demultiplex the information. 
The specific part number for the latch will be determined 
by the speed requirements of the system as discussed 
below. However, in general, the latch will be a '373 or 
'573 type. The main difference between these two part 
types is the pinout. On the '573, all inputs are on one 
side of the package and all outputs are on the other. This 
allows a more convenient board layout. 

The number of lines connected from the processor's 
Port 2 address bus (P2.7-P2.0) to the memories' 
address bus is shown in the figure as 'N'. The exact 
value of 'N' is determined by the storage size of the 
memory devices used. 

LATCH REQUIREMENTS 

Due to the high speed of the Port (AD7-AD0) bus, 
some consideration must be given to the choice of 
latches used for address demultiplexing. By examining 
the High-Speed Micro data sheet, it can be seen that 
some timing constraints are placed on the latch. For 
instance, the CPU parameter t AV |_L (Port Address 
Valid to ALE Low) determines the minimum setup time 
(tsu) the latch will actually have. The parameters t L HLL 
and t L i_Ax also affect the timing requirements of the 
latch. Table 1 shows the CPU parameters for 33 MHz 
operation, and the requirements placed on various latch 
families. For the parameters in the table, the CPU 
parameters must be greater than the latch parameters. 
It can be seen that the minimum required setup and hold 
time are violated for the HC latch family (highlighted). 
For this reason, this family cannot be used for 33 MHz 
operation. 

The other relevant property of the latch is its propaga- 
tion delay from input to output. Since the latch is in the 
address path, this parameter has a direct and significant 
impact on the memory timing requirements. This 
parameter will be discussed in the following section. 
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TYPICAL HIGH-SPEED MICRO SYSTEM Figure 1 




LATCH PARAMETERS Table 1 



CPU 
PARAMETER 


@33 MHz 


LATCH 
PARAMETER 


AC 
FAMILY 


F 

FAMILY 


HC 
FAMILY 


t LLH L min 


40 ns 


t w 


4.5 ns 


6.0 ns 


20.0 ns 


t AVL L min 


10 ns 


tsu 


6.0 ns 


2.0 ns 


15.0 ns 


t|_LAX min 


10 ns 


tH 


1.0 ns 


3.0 ns 


13.0 ns 






tpROP 


11.5 ns 


8.0 ns 


38.0 ns 



— 
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PROGRAM MEMORY 

As shown in Figure 1 , the program memory (typically 
EPROM) interfaces to the processor's LSB address 
through the address demultiplexing latch. The EPROM 
also interfaces directly with the processor via the MSB 
address bus, and the Program Store ENable (PSEN) 
signal. The processor always outputs the MSB address 



before the LSB address, so this interface can be 
ignored. However, each of the two remaining interfaces 
must be examined forthe most critical timing. The rele- 
vant timing parameters for EPROM devices may be 
found by evaluating their data sheets. Table 2 summa- 
rizes the main parameters for several speed grades of 
EPROMs from two different manufacturers 6 . 



EPROM PARAMETERS Table 2 



PARAMETER 


-55 


-70 


-90 


-120 


-150 


-200 


-250 


tACC min 


55 ns 


70 ns 


90 ns 


120 ns 


150 ns 


200 ns 


250 ns 


tcE min 


55 ns 


70 ns 


90 ns 


120 ns 


150 ns 


200 ns 


250 ns 


toE min 


25/35 ns 


30/40 ns 


30/40 ns 


35/50 ns 


65 ns 


75 ns 


100 ns 


t DF min 


25 ns 


30/25 ns 


30/25 ns 


35/30 ns 


30 ns 


30 ns 


30 ns 



Note: X/Y indicates difference between the Atmel/AMD devices. 



Upon evaluation of the timing specifications for the pro- 
cessor, the latch and the EPROM, it can be seen that the 
most critical timing path is through the LSB address bus. 
The address must appear on this bus, pass through the 
latch, address the EPROM, and the EPROM must out- 
put valid data in less time than the CPU parameter t A viv- 
Since the latch is in the path, the timing of this bus can be 
expressed by the following equation: tpROp + face < 
'aviv- The DS87C520 data sheet shows that tAviv is a 
function of clock speed (denoted tci_ci_)» an d is given by: 
*aviv = 3'clcl _ 20 ns. Solving these equations for 33 
MHz operation using an F type latch, it can be seen that 
an EPROM access time of less than 63 ns is required. 
Therefore for full speed operation, an EPROM with 55 
ns address access time must be used because this is 
the slowest speed grade that meets the requirement of 
63 ns. 

The equation above shows that the latch speed directly 
impacts the required speed of the EPROM. Since a fast 
latch is less expensive than a fast EPROM, an F type 
latch is recommended at clock speeds that would 
necessitate the use of an EPROM of 120 ns or faster. 



Solving for the clock speed in the equation, an F type 
latch is recommended for clock speeds greater than 
19.8 MHz. Based on the same argument, an AC type 
latch is recommended for clock speeds greater than 
16.8 MHz. 

Table 3 shows the EPROM speeds and latch types rec- 
ommended for various CPU clock speeds. The sug- 
gested speed grade is based on the above equation and 
the EPROM and latch timing parameters. Further evalu- 
ation shows that the EPROM parameter trjF may also be 
a critical parameter at some high CPU clock speeds. 
This parameter must always be less than the CPU 
parameter tpxiz- As indicated in Table 2, toF varies for 
the same speed grade device from different manufac- 
turers. Therefore in Table 3, AMD is the recommended 
manufacturer where a CPU frequency of 29.4912 MHz 
is used. If the Atmel device were used, the tpxiz param- 
eter would be violated. This exception applies to any 
clock frequency between 30.61 MHz where the switch 
of a 70 ns EPROM is made and 28.47 MHz where pro- 
cessor requirement for t PX iz becomes 30 ns. 



6. EPROM devices from AMD and Atmel were considered. 
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RECOMMENDED EPROM SPEEDS Table 3 



r»i r\f*1f rnrrtl ICMPV 

OLUUK rHtUULNL-Y 
(MHz) 


orttu Wl 1 n 
'F373 LATCH 


CDCPn WITH 
ortLU Wl I n 

'AC373 LATCH 


cpcpn WITH 
srccu vvi I n 

'HC373 LATCH 


33.0 


55 


55 


N/A 


29.4912 


70* 


70 


N/A 


25.0 


90 


70 


55 


22.1184 


90 


90 


70 


20.0 


120 


90 


90 


19.8 


120 


120 


90 


18.432 


120 


120 


90 


16.8 


150 


120 


120 


16.0 


150 


150 


120 


14.746 


150 


150 


120 


14.318 


150 


150 


150 


12 


200 


200 


150 


11.059 


200 


200 


200 


7.37 


250 


250 


250 


1 .8432 and below 


250 


250 


250 



Should be AMD 70 ns device because of t DF . 



DATA MEMORY 

There are a number of factors that make interfacing data 
memories (SRAMs) to the High-Speed Microcontroller 
family extremely easy. First, SRAM devices are gener- 
ally faster, and more readily available in higher speed 
grades. In fact, it is sometimes difficult to find a slow 
SRAM. A more significant factor is that all High-Speed 
Micro Family members have the ability to insert stretch 
cycles into the MOVX instructions. This provides a con- 
venient means of supporting both high and low speed 
devices on the same data bus without requiring external 
support hardware. All High-Speed Micro Family mem- 
bers default to the use of one stretch cycle for MOVX 
instructions. To obtain maximum throughput, applica- 
tion software can write to certain Special Function Reg- 
ister (SFR) bits and cause the MOVX instructions to 
operate with zero stretch cycles. This default condition 
is a convenience to existing designs that may not have 
fast RAM in place. Even in high speed systems, it may 
not be necessary or desirable to perform data accesses 
at full speed. Additionally, there are a variety of memory 



mapped peripherals such as LCD displays or UARTs 
that are not fast enough to keep up with the full speed 
high-speed micro. This flexibility allows the user to 
trade some performance for slower data RAMs if so 
desired. For the discussion that follows, a worst case 
timing scenario of zero stretch cycles will be assumed. 

For maximum performance, i.e., with a zero stretch 
cycle data memory access programmed into the pro- 
cessor, a MOVX instruction requires two machine 
cycles. The fetch of the instruction takes one machine 
cycle leaving one machine cycle for the memory read or 
write. In the analysis of the data memory's timing 
requirements that follows, it will be assumed that the 
recommendations of Table 3 have been followed. Spe- 
cifically, this means that an "F" family latch is used for 
CPU clock frequencies greater than 19.8 MHZ, an "AC" 
family latch is used for frequencies greater than 16.8 
MHZ, and an "HC" family latch is used for lowerfrequen- 
cies. 
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Through analysis and a survey of memory products 7 , it 
can be determined that four SRAM timing parameters are 
necessary and sufficient to meet the processor's timing 
requirements for most situations. These parameters and 
their values for various speed grades are shown in Table 
4. During a data read operation, the processor expects 
the time from an address change until valid data is avail- 
able to be 71 ns (t A vDVi = 3t CLCL -2°) or less - ,f tne Prop- 
agation delay from D to Q of an F373 latch (8 ns) is sub- 
tracted from this parameter, you obtain a memory 
address access (t^A) requirement of 63 ns. Also for a 
data read operation, the time from the RD signal going 
low until valid data is received from the memory device 
must be 41 ns (tRLDV = 2tCLCL - 20 ) or less - since tne 
processor's RD signal is tied to the memory's OE pin, the 
memory must have an output enable access time (toE> of 
less than 41 ns. After the processor has read the data, the 
SRAM must relinquish the bus within 25 ns (tpmDZ = 
tcLCL - 5). This dictates that the SRAM parameter t HZ 
be less than 25 ns. For a write, the processor will provide 
a minimum write pulse of 56 ns (twLWH = 2 tcLCL _ 5 ). 
which is equal to the minimum required write pulse width 
(tyvp) of the SRAM. On the basis of these four calculated 
parameters and assumed SRAM speeds shown in 



RECOMMENDED RAM SPEEDS Table 5 



CLOCK 
(MHz) 


LATCH 


MEMORY SPEED 
(zero stretch) 


MEMORY SPEED 
(one stretch) 


33.0 


F373 


55 ns 


150 ns 


29.4912 


F373 


55 ns 


170 ns 


25.0 


F373 


80 ns 


170 ns 


22.1184 


F373 


100 ns 


200 ns 


20.0 


F373 


120 ns 


200 ns 


19.8 


AC373 


120 ns 


200 ns 


18.432 


AC373 


120 ns 


200 ns 


16.8 


HC373 


120 ns 


200 ns 


16.0 


HC373 


120 ns 


200 ns 


14.746 


HC373 


120 ns 


200 ns 


14.318 


HC373 


150 ns 


200 ns 


12 


HC373 


170 ns 


200 ns 


11.059 


HC373 


200 ns 


200 ns 


7.37 


HC373 


200 ns 


200 ns 


1 .8432 and below 


HC373 


200 ns 




200 ns 



7. Memory data books from Dallas Semiconductor 1 992-93, Fujitsu 1990, Hitachi #M18, Micron 1992, Mosel 
1991-92, NEC 1989, Sony 1991 were surveyed for suitable SRAM products. 



Table 4, the appropriate speed device may be deter- 
mined for a number of different clock frequencies. A sum- 
mary of the recommended RAM speeds is given in Table 
5. It should be noted that the critical timing parameter is 
not always the access time. Because of the high speed of 
the processor and variations in memory parameter rela- 
tionships, all four parameters must be checked for any 
specific clock speed. 



SRAM PARAMETERS Table 4 





tOE 


l OHZ 




(ns) 


(ns) 


(ns) 


(ns) 


35 


20 


15 


25 


55 


30 


25 


35 


70 


35 


30 


45 


80 


35 


30 


60 


100 


50 


35 


60 


120 


60 


45 


70 


150 


55 


40 


90 


170 


80 


35 


120 


200 


100 


35 


150 
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ADDITIONAL CONSIDERATIONS 

All of the timing calculations used in this application note 
are based on equations found in the DS87C520 data 
sheet. These specifications assume an approximately 
equal capacitive load on the signals specified. If the con- 
figuration of Figure 1 is used, this is achieved. If, how- 
ever, any signal is connected to additional loads, then 
the capacitive loading including the additional devices 
should be evaluated. If there is a significant difference, 
additional margins should be used in the critical path 
analysis, and appropriate memory speeds selected. 



EPROM Equations 



For older or otherwise unconventional SRAM devices, it 
may be wise to confirm other important timing parame- 
ters (such as data setup before write active). However, 
on the devices surveyed, meeting the four parameters 
discussed above will qualify the device for use. 

EQUATION SUMMARY 

For the user who wishes to calculate the memory speed 
requirements using a crystal frequency not shown in the 
preceding tables, the following equations provide a con- 
cise summary of the information needed. 



PSEN Access 

tfJE = tPLIV 

= 2t CL CL-20 



Address Access 

'acc = Wiv - lateh delay 

= 3t C LCL - 20 - latch delay 
(same for RAM) 



Bus Release 

tDF = tpxiz 

= tcLCL-5 



RAM Equations 

Read Access 

*OE = *RLDV 



Write Pulse 

t WP = t W LWH 



Bus Release 

fOHZ= *RHDZ 



(zero stretch) 

= 2tc|_CL-20 



(zero stretch) 

= 2tcLCL-5 



(zero stretch) 
= tcLCL-5 



(one stretch) 

= 4tcLCL-20 



(one stretch) 

= 4t CL CL-10 



(one stretch) 

= 2tcLCL-5 
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DALLAS 

SEMICONDUCTOR 



Application Note 91 

Microcontroller Design Guidelines for 
Reducing ALE Signal Noise 



OVERVIEW 

The 8051 architecture allows for external program and 
data access through the use of Port and Port 2 as an 
external memory interface. The 8051 architecture multi- 
plexes the data and LSB of address on Port 0, requiring 
a 74373 latch for demultiplexing. This means that Port 
will be directly connected to at least two devices. More 
devices may be placed on the bus if an external data 
SRAM or memory-mapped peripherals are used. 

Because Port must switch quickly between address 
and data, it requires strong current drive characteristics. 
The need to quickly switch many loads requires strong 
drive characteristics on Port 0. Unfortunately, the high 
instantaneous current requirements of quickly switch- 
ing all the pins of Port can induce noise on the ALE sig- 
nal. In some instances, this noise can interfere with pro- 
gram and data accesses by causing the external 
hardware to latch an incorrect address. This is a rela- 
tively rare occurrence, and most designers will not 
encounter it. The magnitude of this problem is directly 
related to several issues associated with both the sys- 
tem and software. Devices which do not access exter- 
nal memory via Port and Port 2 will not experience this 
problem. 

DATA MEMORY WRITE (IDEAL TIMING) Figure 1 



This application note will discuss ways the system 
designer can reduce the effects of Port switching on 
device operation. It is applicable to any ROMIess 8051 
microcontroller which accesses external memory via 
Port and Port 2, including the DS80C310 and 
DS80C320. It is also applicable to any microcontroller 
with internal program memory that accesses external 
memory. 

ALE NOISE GENERATION 

Under certain system conditions, noise induced on ALE 
can cause an incorrect LSB address to be latched when 
using the multiplexed address/data bus. The noise, as 
seen in Figure 1 , is generated by the high speed switch- 
ing of Port when the processor stops driving a memory 
address and begins driving data during a MOVX write. 
The noise pulse can, under the right conditions, rise 
above the V !H input threshold of TTL, LS, FS and HCT 
logic. In this case, the 74373 latch may be falsely trig- 
gered, latching an incorrect address and disturb the 
LSB address of the MOVX write. 



XTAL1 

ALE 

PSEN 
WR 

PO.O - P0.7 
P2.0 - P2.7 



J" 
f 



1 



XXZZ>dX 



(Actual Timing) 



ALE Noise Pulse 



ALE 



n ru 
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Figure 2 shows a system diagram of how the noise 
pulse is generated. The noise pulse is produced when 
the processor drives a Port pin with a high address 
(see "A " in Figure 1 ) followed by a low for data (see "D" 
in Figure 1). The device must sink a relatively large 
amount of current on each pin (l B ) to take the line from a 
high to low state. It is obvious that the more pins which 
change from a high to a low, the larger the noise. The 
worst case will be during a MOVX write instruction with 
an LSB address of FF (Hex) and a data byte of 00 (Hex). 
Because all eight port pins are switching simulta- 
neously, the maximum amount of current will be drawn 
into the microcontroller. The combined inductance and 

ALE NOISE SOURCE Figure 2 

s — 



resistance both inside the processor and in the system 
result in the processor internal ground rising above the 
system ground. This in turn induces the noise seen on 
ALE. The case of a MOVX read does not involve the 
sinking of current by the processor and should not in- 
duce significant noise on the ALE signal. System ele- 
ments which have a direct relationship to the magnitude 
of the noise are: 

1 . Port bus capacitance 

2. System ground inductance (L2) and resistance (R2) 

3. System supply voltage (V C c) 



^ PO.O 




P0.1 



P0.2 



P0.3 



P0.4 



P0.5 



P0.6 



P0.7 



ALE 



f- L1 ' 



v 



Vss 



I :T - 

m — 



Ib — 



IB £ 



IP, 



Ib 



> 



Bus Capacitance 



To Address Latch 
& Memory Data Bus 



R2 

-W\ 1 



8I B 



2/4 



mize the effect of Port switching on ALE noise. Reduc- 
ing bus capacitance reduces the energy required to be 
discharged which results in lower peak currents and 
reduced peak voltages in the noise pulse. Reducing the 
external ground resistance and inductance also 
reduces the noise level, by reducing the resistive and 
inductive voltage drop. 

The supply voltage is also directly proportional to the 
voltage level of the noise pulse. Maintaining Vqc within 
recommended specifications will limit the noise voltage 
level. 

Adding low impedance resistors in series with Port 0, as 
seen in Figure 3, reduces the noise level by limiting the 

NOISE REDUCTION Figure 3 



effect the slew rate or nnai mpui vonage level iu me 
memory as the processor writes to external memory. 
Values in the range of 50Q to 1 5QQ can generally be 
used without disturbing write cycle times. Actual values 
for the series resistance should be verified in the end 
system. 

Use of a capacitor on the ALE signal line will also signifi- 
cantly reduce the noise pulse. Again, values must be 
verified in the system, with care used in not reducing the 
slew rate of the ALE signal to a point that memory 
access is no longer valid. Generally a capacitance of 
between 10 and 30 pF is sufficient to reduce the noise 
level without effecting normal system operation 



V 



PO.O 
P0.1 
P0.2 
P0.3 
P0.4 
P0.5 
P0.6 
P0.7 



ALE 



-AA/W 



-WW 



>- To Address Latch 
& Memory Data Bus 



ALE Damping Capacitor 
(10pf to30pf) 



Bus Damping Resistors 
(50£2to 150Q) 



Connect to CMOS 
logic for higher V| H 
thresholds, to improve 
noise immunity 
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INPUT THRESHOLDS 

The simplest and most reliable method of eliminating 
the address latch related noise is to select a logic family 
with a high input threshold. Standard TTL, LS, FS, and 
HCT logic parts have a V| H threshold of approximately 
2.0 volts. HC (High-Speed CMOS) or AC (Advanced 
CMOS) logic, on the other hand, has a V !H of approxi- 
mately 3.5 volts at a supply voltage of 5 volts. The higher 
threshold level of the HC or AC CMOS logic increases 
the noise immunity by approximately 1 .5 volts. This is 
generally all that is needed to prevent the undesired 
latching by ALE. 



One disadvantage of using CMOS logic is that it is 
slower than other logic families. Propagation delays 
through CMOS logic are generally in the range of 18 ns 
for HC and 1 ns for AC, compared with 2 to 4 ns for FS 
logic when using a supply of 5 volts. For slower micro- 
controllers such as the DS5000, DS5001 , and DS5002, 
the propagation delay is usually not an issue because of 
the slow clock rate. Faster microcontrollers such as the 
High-Speed Microcontrollers should carefully consider 
the timing effects of slower logic. In any event, testing 
should be done in the final application to verify the 
effects using slower CMOS logic. 
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DEVELOPMENT SUPPORT 
TECHNICAL SUPPORT 

Dallas Semiconductor has a wide range of services de- 
signed to support its customers. Microcontroller ap- 
plications engineers are available Monday through 
Friday to provide technical support from 8 am to 5 pm 
Central Standard Time. They can be reached by tele- 
phone and electronic mail. In addition, technical data 
sheets and application notes are available from the Dal- 
las Semiconductor Fax-On-Demand service 24 hours 
per day. The service is operated by entering responses 
on a Touch Tone phone, and users should first obtain a 
copy of the index before ordering specific documents. 

Dallas Semiconductor operates a bulletin board system 
which contains software examples for many of its prod- 
ucts. The modem operates at standard baud rates up to 
a maximum rate of 1 4.4 kb/s, with the settings of no par- 
ity, 8 data bits, one stop bit. It can be accessed using 
standard communication software. 







Application Support: 

Fax-On-Demand: 
Bulletin Board: 
E-mail: 



(214) 450-8169 (voice) 
(214) 450-3715 (fax) 
(214) 450-0441 
(214) 450-8169 
micro.support@dalsemi.com 



Dallas Semiconductor also maintains a presence on the 
Internet, with both a World Wide Web home page and 
anonymous ftp site. The home page has access to com- 
pany information, data sheets, application notes, and 
product information. The ftp server contains data 
sheets and application notes. 

World Wide Web home page: http://www.dalsemi.com 
Anonymous FTP: ftp.dalsemi.com 

DEVELOPMENT TOOLS 

The following incomplete list of High-Speed Microcon- 
troller development tool vendors is provided as a ser- 







vice to our customers to assist them in locating aids for 
use with Dallas Semiconductor microcontroller prod- 
ucts. Dallas Semiconductor neither recommends, war- 
rants for suitable use, nor provides technical support for 
any product not manufactured by Dallas Semiconduc- 
tor. The inclusion or exclusion of any vendor from this list 
is in no way a reflection of the vendor or the product. 



SOFTWARE COMPATIBILITY 

Dallas Semiconductor microcontrollers execute the 
8051 instruction set and are object code compatible with 
other 8051-based products. The special features of 
Dallas Semiconductor microcontrollers are accessed 
via Special Function Registers unique to our products, 
but the devices do not use any new instructions. The 
new Special Function Registers can be easily defined in 
the user's software with EQUATE statements or setup 
file. Once defined, these new Special Function Regis- 
ters receive the same treatment as any of the original 
8051 registers. This means that Dallas Semiconductor 
microcontrollers are compatible with almost every 
8051-based software tool available. 



HIGH-LEVEL LANGUAGE COMPILERS 

Like assemblers, compilers must be informed of the ex- 
istence and location of the Special Function Registers 
unique to Dallas Semiconductor microcontrollers. 
When using C, it is commonly necessary to identify the 
starting address for various read/write segments such 
as XDATA and STACK. 

In addition, it is recommended that the large memory 
model be used in conjunction with C Compilers. This 
places the stack in off-chip SRAM. Microcontroller sys- 
tems usually have an abundance of such SRAM 
compared to ROM based systems. While off-chip stack 
results in slower execution time, the stack size becomes 
virtually unlimited. 
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Integrated Debugging 
System/LC (IDS/LC) 

□ Combines the functions of an In-Circuit 
Emulator, 128K PROM emulator, editor, 
and C source-level symbolic and object 
code debugger in a Borland Turbo C-like 
environment. 

□ Works with 8051 C compilers from 
Franklin/ Keil, Archimedes, IAR, 
Avocet, Intermetrics/ Cosmic/ 
Whitesmith, and 2500AD. 

□ Provides real-time operation with no 
additional wait states. 

□ Single Target Interface Unit supports 
8051 family variants up to 20 MHz 
without adapters or pods. Our high speed 
option provides support of 33 MHz 
processors. 

□ Offers 1,000 source or assembly level 
breakpoints. 

□ Provides complete control of program 
execution with Run, Reset, Run to 
Cursor, Step and Stop commands. 

□ Has 30 day money back guarantee and 
one year warranty. 

□ The price for a complete 8051 system is 
just $995 and is available now. 



14120 East Live Oak Avenue, Suite A2 
Baldwin Park, CA 91706-1345 USA 
Tel: (800) 847-1998 (818) 337-4547 
Fax: (818) 337-0689 



Product Information 

Cactus Logic's low cost, real-time 
emulator, the Integrated Debugging 
System/LC (IDS/LC) provides a PC-based 
environment for 8051 firmware debugging 
and testing through your target system's 
PROM socket. Direct support for Dallas's 
80C320 processor. View and modify new 
special function registers added to the 
80C320. 

You control the debugging, editing, 
compiling, and object code downloading 
functions using simple keystrokes or mouse 
clicks along with pull-down menu commands 
and dialog boxes. 

The command menus control the operation 
of the IDS and can be activated with either 
the keyboard or the mouse. Hot keys are 
provided for most commands. 

Up to 1,000 powerful source and assembly 
level breakpoints are simple to set. They 
can be assigned to groups that can be 
enabled or disabled by other breakpoints to 
provide complex triggering. Breakpoints can 
also provide simulated input or output and 
logging of registers and variables. 

Many other variants of the 8051 are also 
supported, including those manufactured by 
Intel, Philips, and Siemens. 

The IDS/LC also supports the Motorola 
68HC11, Zilog Z80/Z180, and 
Rockwell/WDC 6502 microprocessor 
families. 
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DALLAS 



ler Programmer 




FEATURES 

Operates in stand alone mode or with a PC host 
Easy to use pull down menus in PC hosted mode 
Operation from front panel in stand alone mode 
Used efficient "intelligent" programming techniques 
Non-volatile data and operating parameter storage 

Optional automatic device serialization (Unique identifier written to every device programmed) 
Supports 40-pin DIP packages; plug in adapters available for other package types 
Includes 1 10 Volt (DS87000-000) or 220 Volt (DS87000-220) power supply 



The DS87000 is a convenient, inexpensive method of programming Dallas Semiconductor's EPROM-based microcontrollers- The system 
comes complete with programmer hardware, menu-based PC software, power supply, and RS-232 cable to connect the unit to a PC serial port. 
The programmer may be operated with a PC or in stand alone mode. Initially, a PC is used to load programming information into the DS87000. 
Once loaded, there is no further requirement for the PC or other equipment, allowing it to be easily moved to where it is needed. The DS87000 
has the ability to write a unique identification number (serial number) to every device programmed. This feature is found only in more expensive 
programming equipment. 

When operated from the stand alone mode, the DS87000 operates completely from its front panel. Power may be removed from the program- 
mer while it is transported without losing the program buffer. The convenient plug-in transformer provided with the programmer supplies all nec- 
essary power. 



When operated in PC mode, the DS87000 is operated from the menu-based software provided, 
through a system of pull-down menus presented on the PC's screen. The menus are logically 
command 



flexibility of the programmer is available 
to provide convenient access to each 
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ETACSplus Real-Time In-Circuit Emulator 

Supports Dallas 80C320 



Description 

The ET-iC8plus is a high performance 
real-time in-circuit emulator for the 
Dallas 80C320 microprocessor. Its 
optimized, integrated environment 
provides for more efficient development 
of embedded systems. 

Development Environment 

The development environment includes a 
SAA standard user interface, a debugger, 
a multi-file editor, and a powerful, 
integrated project management tool. A 
flexible interface complements third party 
C compilers, assemblers, and linkers. The 
environment can be configured with 1MB 
of overlay RAM and 1M breakpoints, a 
trace option, and a high-speed PC link. 

User Interface 

Whether you are an experienced or 
infrequent user, you will find ET-iC8plus' 
SAA standard user interface friendly and 
easy to use. It offers pull-down menus, 
mouse support and context-sensitive on- 
line help. You can create powerful macros 
using the complete command set. 
Hardware jumpers and switches have been 
eliminated. The selection of clock rate, 
clock source, VCC target, and reset from 
target are all controlled via the user 
interface. 

The source level debugger screen window 
can display either C source code, the 
corresponding assembly code or both. In 
the watch window, watch points are used 
to monitor critical variables. Local or 
global variables can be displayed or 
altered in the format declared. 




Breakpoint Flexibility 

The intelligent, real-time breakpoints can 
be set to stop the real-time execution of the 
program on fetch, read or write, at a single 
address or within a large range. 

Trace Option 

A powerful trace option is available for the 
ET-iC8plus. It includes high-level support 
and a performance analyzer. The trace 
buffer is 32K x 64-bit. 

The trace allows sampling of the following 
signals within the first 256KB: 

• 20 address signals 

• 8 data signals 

• 8 control signals 

• 12 auxiliary signals 

• a 16-bit absolute or relative time 



Together with the 8-bit prescaler, the trace 
can measure events from nanoseconds to 
10 seconds. High-level trace and program 
performance analysis are clearly presented. 
A trace range extension to 1MB is optional. 

Maximum Flexibility 

The ET-iC8plus base unit will also support 
a variety of Zilog, Intel, Hitachi, and 
Toshiba Z80® CPU/Z180™ MPU based 
microcontrollers. All that is required is a 
pod change and software. 




Features 

Emulator 

" Real-time emulation up to 20MHz 

• 256KB/1MB overlay RAM 

• 256K/1M breakpoint RAM 

• Intelligent breakpoints 

• Background interrupt mode 

• Trace option 32K x 64-bit 

PC Link 

• COM x: up to 57.6K baud 

• LPT x: up to 156KB/sec 

• Optional high-speed, 8-bit, 
bidirectional, parallel interface 

SAA Standard User Interface 

• On-screen editing 

• Pull-down menus 

• On-line help 

• Programmable function keys 

• Mouse and keyboard support 

• Powerful macros 

• Software switching eliminates 
hardware jumpers and switches 

Integrated Environment 

• Project management 

• Multiple file editor 

• High-level debugging for C code 
with watches 

• Interfaces with third party tools 
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System Specification 

Language Support 

• Third party assemblers and C 
compilers from Franklin and others 

Source Level Debugging 

• Window for source level debugging 

• Single step or line step with break- 
points marked directly in the code 

• Full support for local and global 
variables 

Symbolic Support 

• Full symbolic debugging and type 
checking 

• Same symbols can be used in 
different modules 

File Formats 

• Archimedes/IAR (UBROF), 
Tektronix. Motorola S. Intel 
Hex. Keil/Franklin and PL/M-51 

Fully Integrated Environment 

The powerful integrated environment 
offers a project manager, multiple file 
editor, high-level debugger easily 
interfaces with third party C compilers, 
assemblers, and linkers. The automated 
test session utilizes powerful macro 
commands. 

Emulation Memory 

256KB overlay RAM can be divided into 
four banks of 64KB, located anywhere 
within the 1 MB address range of the 
CPU, mappable in 4KB steps either to 
the target or the emulator. A 1MB 
overlay RAM option is available. 
Memory areas can be write protected. 



Real-Time Emulation 

Full speed emulation up to 20MHz means 
no wait states and no intrusion on I/O or 
interrupt pins. The clock source is fewitch- 
able between the target system and the 
on-board programmable oscillator. The 
clock rate of the on-board oscillator is 
software selectable between 1MHz and 
16MHz in steps of lKHz. 

Breakpoints 

256K breakpoints (1M optional), with break 
before executing the instruction (data read 
and write), combined with intelligent break 
conditions on single addresses, ranges or 
high-level language statements provide 
flexibility. 

Background Interrupt Mode 

In the background interrupt mode, non- 
maskable interrupts (NMI) and all other 
interrupts are handled even if the real-time 
emulation ceases. This mode can be 
enabled or disabled separately for NMI 
and all other interrupts. 

Trace Option 

The trace offers a 32K x 64-bit selective 
trace buffer, 20-bit address, 8-bit data, 
8-bit control, 12 auxiliary signals, 16-bit 
timer with 8-bit prescaler, complex trigger 
condition A, B. C with AND, OR, THEN 
relationship, and 1 2-bit loop counter. The 
trace range is 256KB (1MB optional). 
The trace trigger can be used to generate 
complex breakpoints. 

Trace data are displayed in disassembled 
format, disassembled with bus state, or in 
high-level statements. 



ET-iC8plus 
User Interface 

Multiple windows 
can be selectively 



Performance Analyzer 

• Source level analysis 

• Execution profile: 

• Timing information for statements 

• Timing information for functions 

• Callers 

• Average time spent in a program 
area 

Operating System 
Personal Computer Support 

Minimum: 286 PC, 2MB RAM. 3MB disk 
space, MS-DOS® 3.1. 
Recommended: 386 PC/33MHz, 4MB 
RAM. Monochrome, CGA, EGA or VGA. 

Complete Package 

The ET-iC8plus emulator comes complete 
with base unit, external power supply, and 
PC interface cable, ready to connect to 
your personal computer. Software with 
source level debugger and manual are 
included. 



80020 


Base Unit 


Emulator 
Speed 


Max Crystal 


ET-iC81O01-2 


20MHz 


20MHz 


Item Number 


Description 


ET-iC81025 


Pod for 80C32O 


ET-iC8 1004-2 


TracedMB, 20MHz) 


Adapters are available for all pod to target board 
interconnections. 



© 1994 Emulation Technology, Inc. The Emulation 
Technology logo is a trademark of Emulation 
Technology^ Inc. ZfiO !S a registered trademark of 
Zilog. Inc "ZloOisatradi 
MS-DOS is a 



:mark of Zilog. Inc. 
red trademark of Microsoft Corp. 
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PRODUCT DESCRIPTION 

The iceMASTER-RA in-circuit emulator uses 
MetaLink's patented AET technology to provide 
high performance emulation of Dallas 
Semiconductor's High-Speed Microcontroller fami- 
ly. Designed for demanding projects, the 
iceMASTER-RA supports frequencies up to 33 
MHz with 64K of emulation memory, external data 
memory and a transparent trace buffer 16K x 32 bit 
frames deep with advanced searching capabilities. 
The emulator can operate in a stand-alone mode as 
well as plugged directly into the target application. 

The iceMASTER windowed user interface delivers 
the highest development productivity. Its context 
sensitive hypertext and hyperlinked HELP system 
makes this interface easy to learn and easy to use. 
This powerful, productive interface gives you total 
control and flexibility in the configuration of the 
size, position, content and color of each window. 

The iceMASTER includes a full symbolic and 
source-level debugger for Assemblers and 
Compilers. The emulator supports the most popular 
8051 Assemblers and Compilers. 



KEY CHARACTERISTICS 

□ Supports the DALLAS High-Speed Microcontroller 
family of devices up to 33MHz. 

□ Supports DS80C320, DS87C520 and DS87C530 

□ Full-Featured, Real-time & Transparent Emulator 

□ Consists of emulator base with interchangeable probe 
cards 

□ Plugs directly into target applications or operates in a 
stand-alone mode. 

□ Based on patented AET design architecture 

HARDWARE CAPABILITIES 

□ Up to 64K Program & 64K External Data Memory 

□ 1 6K x 32-bit frame trace buffer 

□ View trace while executing 

□ Up to 128K hardware breakpoints 

□ Up to 64K Trace ON &64K Trace OFF triggers 

□ Integrated diagnostic self-test capability 

□ Interchangeable Probe cards 

SYSTEM FEATURES 

□ PC-hosted via RS-232 serial link 

□ Efficient, powerful, easy to learn 

□ User control of window size, content & color 

□ Supports third party Assemblers & Compilers 

□ Full Symbolic & Source-Level debug 

□ Complete system includes Emulator, 
8051 Macro Cross Assembler 
RS-232 cable & power supply 



MetaLink Corporation Phone: (602) 926-0797 
325 E. Elliot Road Phone: (800)638-2423 

Chandler, AZ 85225 Fax: (602) 926-1198 
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iceMASTER-RA Development System 

MelaLink specializes in enhancing the emulation technology required by EMBEDDED SYSTEMS DESIGNERS. MetaLink has consistently led the industry in emulation technology: 
The first PC-based 805 1 emulator; the first 8052 emulator; the first to offer support for all the unique features of the Dallas High-Speed Microcontroller family components, such as watch- 
dog-timer, idle modes, power down mode, DMA and A/D. 

MetaLink is a full-service emulation company. We support our customers over the long term with services such as repair, discounted upgrades, rental units, 10-day trial purchase periods 
and free technical support for applications problems. A network of world-wide sales and service representatives is augmented by a well-trained telemarketing staff at headquarters. 



J 



HOST SPECIFICATIONS 

Host IBM PC. XT. AT. 386, 486, PS/2. Laptop. 
Notebook or compatible system, 640K bytes of 
RAM. Hard Disk Drive, Monochrome or 
Color Display, with a Standard RS-232 Serial 
Port. Operating System DOS 2.0 or greater. 

□ EMULATOR SOFTWARE 
SPECIFICATIONS 

File Formats Supported with Symbolic or 
Source-Level Debugging: 

2500AD. Archimedes, Avocet. BSO/Tasking. Franklin. 

1AR Systems, Intel OMF, Keil. MCC. Microtec 

Research. Motorola 'S' Record, Systronix and Intel 

HEX. 

Source/Symbol Support: 

Assembler. BASIC, C and PL/M Languages 
Symbolic or Source-Level Debug: 

Setting of Breakpoints 

Setting of Trace ON/OFF 

Viewing of Trace Buffer 

Viewing of Source Window Display 

Viewing of Performance Analyzer 

Assembly/Disassembly of Code 
HLL Structure/Content Display of: 

Modules Line Numbers 

Scopes Program Variables 

□ EMULATOR HARDWARE 
SPECIFICATIONS 

iceMASTER-RA MODELS: 

Emulator Base with: 
16K Trace Buffer 
Uses Interchangeable Probe Cards 
Communicates at 57K BAUD with PC 
Maximum operating frequency of 33 MHz 

Probe Cards: 

DS80C320 Probe Card operates up to 25 MHz 
DS87C530 Probe Card operates up to 33 MHz 

□ OPERATING CHARACTERISTICS 

Clock frequency user-selectable between external target 

(crystal/clock or internal clock source) 
Real-time, Electrically and Operationally Transparent 

□ USER INTERFACE 

Keyboard or Mouse Control 

Pull-down & Pop-up menus with fill-in boxes 

Available Main Screen Windows: 

Registers and PSW bits 

Bit Memory 

Stack data displayed in HEX &Jor ASCII 

Up to 5 Internal Data Memory displayed in HEX &/or ASCII 

Up to 5 External Data Memory displayed in HEX &Jor ASCII 

Up to 5 Code Memory displayed in HEX &Jor ASCII 

Source Program displayed in Code. HLL Source or Mixed 

Watch window for variable data 

System Status data 

Main Screen Window Display Controls: 

Movable Selectable (On/Off) 

Sizable Color selection 

Scrollable Highlighting of key data 

Function/Hot Key Access: 

User-assignable for commands 
User-display able for quick reference 

□ MEMORY OPERATIONS 

Emulation Memory: 
Program Memory: 64K 
External Data Memory: 64K 



Mapping Resolution: 

Program: Down to I -byte 
External Data: Down to I -byte 

Program Memory: 

Single Line Assembler (full instruction set support) 
Disassemble in Code or Source/Code mode 
Disassembly may be written to a disk file 

Data Memory: 

Internal or External Memory 
Fill a block of memory with data 
Copy a block of data to another area 
Change a single address data content 
Compare any two blocks of addressed data 
Displayed data may be written to a file 

Registers/SFRs/Bit Memory: 
Examine or Modify 

Program Variables: 

Examine or Modify 

□ EMULATION CONTROLS 

Reset from Emulator and Go 
Reset from Target and Go 
Reset Processor 

Go from current Program Counter 
Go From a new Program Counter 
Go Until a Program Counter/Label 
Slow Motion (Repetitive Step commands) 
Step by machine instruction 
Step by Line Number 
Step Over calls 

Step To next function or procedure 

□ HARDWARE BREAKPOINTS 

Up to 64K real-time Program Addresses 
Up to 64K real-time External Data Addresses 

□ TRIGGER CONDITIONS 

Set directly in Source window or Pull-down menu 
PC address & range of addresses 
Opcode Value 
Opcode Class 



Direct byte address & range of addresses 

Direct bit address & range of addresses 

Immediate operand value 

Read/Write to bit address 

Register address modes 

Read/Write to Register address 

Logical AND/OR of any of the above 

External Data address & range of addresses 

Break Count Overflow 

External (CLIP) Break Input 

Externa! (CLIP) Trigger Output 

TRACE 

Real-lime trace with view while executing code 
16K x 32-bit Frame Trace Buffer 
Start, Center. End and Variable Trace Trigger settings 
Up to 64K Trace ON/OFF triggers for trace filtering 
Trace Contents consist of: 

16-bits Address Bus 

8-bits Data Bus 

8-bits Externa] Clips 
Trace Display Modes: 

Raw Hex 

Symbolic 

HLL Source 

Mixed 



External Clips display f 

Binary data 

HEX data 

Digital waveform 
Trace Buffer Operations: 

Write trace buffer to a disk file 

Search trace buffer for labels & addresses 

□ PERFORMANCE 
ANALYZER 

Program profiling capability 
7 year duration 
Display options: 

Bar Graph 

Frequency Count 
Display Modes: 

Raw HLL Source Lines 

Symbolic Mixed 
Up to 999 Bin capacity 
User-controlled Bin set-up: 

By Address By Symbol 

By Module By Line Number 

Automatic 

□ HELP 

On-Line 

Context sensitive 
Hypcrtext/Hyperlinked 

□ DIAGNOSTIC SELF-TEST 

Determines Emulation Hardware Status 

□ MACRO 

Repetitive routines 
User -created and callable 

□ ELECTRICAL 
SPECIFICATIONS 

Input Power (maximum): 

I. 5 A @ +5 VDC +/-S% 
Power Source: Power supply 

□ MECHANICAL 
SPECIFICATIONS 

Emulator Dimensions: 

4.4" x 3.25" x 0.9" 

II. 18cm x 8.25cm x 2.29cm 
Probe Card Dimensions: 

4.15" x 3.20" X 1.9" 
10.54cm x 8.13cm x 4.83cm 



Emulator weight: 

0.75 lbs 0.45 kg 



□ ANNUNCIATORS 

Emulation LED 
Reset LED 
Reset switch 

□ WARRANTY 

One ( I ) year limited warranty. 



. parts and labor 



Call Today 

1(800) 638-2423 

1(800) METAICE or contact your local distributor 
Rental plans are available. 



Product names are used to purposes of identification only and may be trademarks or registered B 
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Embedded Tools 

Mid-Tech's single board computers are specially engineered for reliable high-speed operation. 
Our high-performance computing engines will run your 8031 code faster than any other single board 
computer on the market. 8031 compatibility means you'll get your designs out the door faster too 
since you get to keep your existing 8031 code libraries and your favorite development tools, not to 
mention your hard-won 8031 know-how. 

If you prefer a fully-integrated tool set, we offer development software specifically designed to 
work with Dallas Semiconductor's silicon and Mid-Tech's hardware. As a result of our alliance with 
Dunfield Development Systems, we offer a variety of software products that deliver a powerful, low- 
cost development environment. The cross assembler, windowed simulator and compatible debugger 
ease program development and testing. A low-cost "C language developer's kit rounds out the inex- 
pensive, full-featured development package. 

Our Developer's Kit includes an update to Dunfield Development Systems' popular 8051 
MICRO-C compiler which adds special features for use with the Dallas high-speed processors and 
Mid-Tech single board computers. New additions include: 

1) A new library which takes advantage of the DUAL data pointers available in the DS80C320 
family. This dramatically speeds up the memory-to-memory operations in those memory models 
that use external memory. 

' NewASM320 assembler, which supports the additional special function registers of the 
DS80C320 family. 

• New CC320 compile command which uses the DS80C320 code library. 

• New 80320. IDE file for the integrated environment. 

• New 80320REG.H file which defines ALL DS80C320 SFRs to the compiler. 

2) Additional libraries tailored specifically for each Mid-Tech Single Board Computer. This allows 
you access to each system 's peripheral set in a consistent and straightforward manner regard- 
less of the particular implementation details. 

• Analog and digital I/O 

• Real-time clock and timers 
' Nonvolatile memory 

• PC and Microwire peripherals 

• LCD, keypad, indicators 
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ec.32 

Fast 

Multipurpose 

Embedded 

Computer 




Mid-Tech's ec.32 multipurpose single board computer makes an ideal low-cost development system, 
a full-speed DS80C320 evaluation vehicle, or a general-purpose embedded computer. The Dunfield 
software get you on the air fast with an easy-to-use simulator, debugger, and assembler. Our "C 
developer's package provides everything you need to work with the DS80C320 and offers full library 
support for all on-board and remote peripherals. If you prefer a different environment, integrate the 
included "C and assembler source drivers directly into your application programs. 



Processor 


Indicators 


l*C subsystem 




High-performance DS80C320 


Power LED 


Real-time cloaVcalenoar/timer with RAM 


Crystal frequency 25 MHz 


Program load LED 


RTC resolution 


1 mS 


Throughput 6 MIPS 


General-purpose indicator LED 


Programmable inter 


.■al timer 


Internal RAM 256 bytes 


Analog I/O 


Nonvolatile RAM 


256 bytes 


Memory 


4-channel ADC 


Nonvolatile storage 




Low-pomr CMOS EPROWRAM 


Simultaneous track-and-hold 


E'PROM 


512 bytes 


Program PROM 32K 


Single-ended or differential 






Program RAM 32K 


Resolution 8 bits 


External FC port 




Data RAM 32K 


Input voltage 0-2.50V 


Connector 


RJ11 jack 


RAM backup .47F supercap 


Conversion time 3.6 u£ 






(lithium and NrCd options available) 




Power 






4-channel DAC 


Switch-mode regulator 


Parallel I/O 


Simultaneous update capability 


Input voltage 


8-35 VDC 


S«reen 771 inputs 


Resolution 8 bits 


Power dissipation 


2 watts 


Input levels LSTTL 


Output voltage 0-2.50V 
Settling time 6u.S 


Connector 


2.5mm barrel 


EightTTLouputs 




Expansion 




Output levels LSTTL 


Serial I/O 


Pad-per-hole prototype area 




Two Independent High-speed UARTs 


PC port lor external peripherals 


Eight Darlington ouputs 


PortO RS232orRS485 


Access to all on-board I/O points 


Sink capability .5A@50V 


Port 1 RS232 


Environmental 




Fourteen pseudo bidirectional 


Timers/Counter* 


Dimensions 


4.5' x 9" 


Input levels quasi TTL 


Three Independent 16-bit timer/counters 


Operating temp. 


0-70«C 


Output levels quasi TTL 


Resolution 480nSor160nS 


Storage temp. 


-40-85°C 




(individually selectable) 


Humidity 


0-95% (non-conden 
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mid-Tech USA 

ec.52 

Very High-speed 

Embedded 

Computer 




The fully CMOS ec.52 will run your 8031 
code faster than any other single board 
computer on the market. You will get even 
greater performance gains using the ec.52 
in conjunction with the optimized Ounfield "C" de- 
velopment tools. And to get your code up and running quickly, we offer a PC-hosted simulator/debugger 
package that includes a DS87C520 assembler. "C" and assembler source drivers for all local and 
remote peripherals included. 



Processor 

Higlhperlormance CMOS DS87CS20 
Crystal frequency 33MHz 
Throughput 8 MIPS 

(29.9152 MHz option available) 
Internal RAM 256 bytes 

Serial I/O 

Two independent high-speed UARTs 
PortO RS232orRS485 
Port 1 RS232orRS485 

Parallel I/O 

Eight CMOS (AC) inputs 
Input levels ACMOS 

Eight CMOS (HC) outputs 
Output levels HCMOS 

Fourteen pseudo bidirectional 
Input levels quasi TTL 

Output levels quasi TTL 



Memory 

High-speed program/data storage 

Program PROM 16K 

Data RAM 1K 

External RAM 32K 

(usable as program and data memory) 

RAM backup .47F supercap 

(lithium and NiCd options available) 

Analog I/O 

8-channelADC 
Single-ended or differential 

Resolution 12 bits 

Input voltage 0-4.096 V 

Conversion time 6 u,S/channel 

Acquisition time 1.5 uS 

Sample rate 133 KHz 

DC impedance 12 K ohm 

Timekeeping 

Real-time clock/calendar with RAM 
RTC resolution 1 second 
RTCRAM 24 bytes 



Timers/Counters 

Three independent 16-bit timer/counters 
Resolution 363nSor121nS 
(individually selectable) 



Indicators 

Power 



low current LEO 



Expansion 

PC port lor external peripherals 
Access to all on-board I/O points 

Power 

Low dropout pass stage 

Input voltage 5.2-1 6 VDC 

Current 150mA 

Environmental 

Dimensions 4.25" x 4.25" 

Operating temp. 0-70°C 

Storage temp. -40-85'C 

Humidity 0-95% (non-condensing) 



IBid-Tech Computing Devices USA P.O. Ek>x 218 Stafford, CT 06075 Tel: (203) 684-2442 

040595 10/15 

395 



DEVELOPMENT SUPPORT 



mid-Tech USA 

Accessories 

Mid-Tech offers a number of accesso- 
ries that afford our single board computers 
true plug-and-play capability. The lineup in- 
cludes communication cables, power sup- 
plies, networked I/O, and a variety of digital 
and analog peripheral devices. These are in 
addition to our full line of PC-hosted software 
products. 

Available from Mid-Tech is an address- 
able l 2 C peripheral that connects to any stan- 
dard l 2 C port where a local or remote user 
I/O interface panel is required. A number of 




useful functions are supported using just two ec.52 Shown With Optional l 2 C user I/O device 

general purpose processor I/O lines: a 20 by 

4 supertwist LCD, a 4 by 4 membrane keypad, and several general purpose digital l/Os (for LEDs, beepers, etc.). 
All Mid-Tech Single Board Computers support this universal peripheral. 

A general purpose, firmware- based, l 2 C driver coded in generic 8051 assembler is included along with vari- 
ous second level function modules written in both assembler and "C". Replacement "C functions for putchar and 
getkey along with other useful support routines are included to let you transparently access this peripheral from 
your application program. 

Other Products 

Mid-Tech has been extensively involved with battery-backed and battery-operated systems. Our DS2250- 
based ec.25 is a complex data collection instrument with power management capability that allows it to operate 
from battery power for periods of months, even years. Supporting a very complete analog and digital peripheral 
set, the ec.25 is essentially an open frame data logger suitable for use as the basis for a variety of data capture and 
control oriented OEM products. 




Coming 
Attractions 

Mid-Tech is committed to providing high- 
quality, low-cost support products for Dallas 
Semiconductor's high-speed processor family. 
Presently under development is the ec.32 lite. 
This is a high-density, miniaturized version of 
our popular ec.32 embedded computer. In re- 
sponse to customers' requests, we are also 
transforming some of our general purpose in- 
stalments to serve more specialized functions. 
Look for a very high-performance communica- 
tions controller based on our high-speed ec.52 
core. Mid-Tech will, of course, support all new 



ec.25 data Collection Computer Dallas Processors as they become available. 
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noHau 

CORPORATION 




POD-C520-33 

The POD-C520-33 supports the DS87C520 and DS87C530. Use it together with the Nohau emulator 
board, the EMUL51 -PC/EA256-C520-BSW-33. The emulator board is a PC plug-in board and connects 
to the POD-C520 with a five-foot (1 .5m) cable. Jumpers on the POD allow the selection of the 
microcontroller's crystal or clock, power, operational speed, real-time clock oscillator input, and traced 
pins (with optional trace board). 

This pod terminates to a 52-pin Pin-Grid-Array (PGA). Nohau carries various adapters to support the 
DS87C520 in both the DIP and PLCC packages. There is also an adapter for the DS87C530 in the 
PLCC package. These adapters are the EDI/PG52/DP40-C520, EDI/PG52/PL44-C520, and EMUL51- 
PC/PGA52-PLCC52. 

The pod has an on-board crystal that allows the user to operate this pod "stand-alone," without being 
connected to a user's target board. 

EDI/PG52/DP40-C520 52-pin PGA to 40-pin DIP adapter for DS87C520. 

EDI/PG52/PL44-C520 52-pin PGA to 44-pin male LCC adapter for DS87C520. 

EMUL51 -PC/PGA52-PLCC52 52-pin PGA to 52-pin male LCC adapter for DS87C530. 
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POD-C320-25 

The POD-C320-25 supports the DS80C320. Use it together with the Nohau emulator board, the 
EMUL51 -PC/EA256-C320-BSW-25. The emulator board is a PC plug-in board and connects to the 
POD-C320 with a five-foot (1 .5m) cable. Jumpers on the POD allow the selection of the microcontroller's 
crystal or clock, power, operational speed, and traced pins (with optional trace board). 

This pod terminates to a 40-pin Dual-in-Line Package pinout. Nohau carries an adapter to convert this 
pinout to a 44-pin PLCC male plug, allowing the user to plug into a chip carrier socket. 

This pod has an on-board crystal that allows the user to operate this pod "stand-alone," without being 
connected to a user's target board. 



EMUL51-PC/DIP40-PLCC44 

Adapter for 44-pin PLCC. This adapter connects to the bottom of a pod with a 40-pin DIP male set of 
pins. The bottom is a precision-milled block with gold pins that allows connection to a 44-pin PLCC 
socket. 
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EMUL51-PC 

Saves time on all 8051 family projects. 

EMUL51-PC is an in-circuit emulator dedicated to the 8051 family. The EMUL51-PC truly 
emulates the microcontrollers from all manufacturers of 8051 derivatives. This means that 
your EMUL51-PC will work just like your microcontroller when it is plugged into your target. 

System Specification 



Host 

IBM PC/XT/AT, PS/2 or com| 
Minimum 640K of RAM. 
SUN, HP and other workstations 

External Serial Box 

The emulator boards can be installed in 
an external box with serial communication 
to PC. Up to 1 15K baud supported. 

Languages Supported 

Third party assemblers, PL/M-51 and 
C-51 compilers. 

High Level Debugging 

Window for source level debugging. 
Single Step or Line Step with breakpoints 
marked directly in the code. Full support 
for local or global variables in C-51 . 

In-line Assembler and disassembler 

Full instruction set and symbols supported. 

Symbolic Support 

Full symbolic debugging and type check- 
ing. Same symbols can be used in differ- 
ent modules. 

File formats Supported 

Intel HEX/OBJ/OMF/SYM, Avocet, Archi- 
medes/IAR Franklin/Keil, BSO/Tasking, 
Intermetrics/Whitesmiths. 

Real time Emulation 

Full speed emulation up to 42 MHz. 
No wait states and no intrusion on memo- 
ry, stack, I/O or Interrupt pins. 

Emulation Memory 

64K XDATA memory and 64K CODE 
memory. Up to 256K with bankswitch 
option. 

Memory Mapping 

Mappable in 4K pages. 

Macros 

Test session automation and macro com- 
mand definition. IF/ELSE, REPEAT/WHILE 
structures. 



Debug Session Logging 

Record emulation session and all setups 
to a file. 

Breakpoints 

64 K program breakpoints. 

64 K data read and write breakpoints. 

Break on external signal. 

Break on direct access to internal bit or 

byte memory. 

Break on a range of addresses. 

With the trace board option you can break 
on any 48 bit combination of address, 
data, RD, WR, OP code fetch, interrupt 
level, ports of external signals. 

Single Stepping 

Single or multiple instruction stepping. 

Step over calls and interrupts. 

Line stepping in high level languages. 

Execution timer 

Resolution down to half a cycle. 

Real Time Trace (optional) 

256K deep by 64 bits wide with time 
stamp. 

Trace operation 

With each bus cycle, 48 bits of address, 
data, ports and external signals are com- 
pared with eight independent "48 bit regis- 
ters" to produce eight "condition signals". 
These eight conditions are then combined 
with six bits from a "state-machine". The 
combination of these 14 signals creates a 
new state (or retains the old state). It also 
produces a TRIG and a FILTER signal 
that are used to control what is saved in 
the trace buffer. If the eight condition sig- 
nals are named A, B, C, D, E, F, G and H 
an example of how this could be used fol- 
lows: 

A THEN B THEN C THEN D THEN E 

THEN F THEN G THEN H where A - H 

could be code addresses. 

The trace buffer can be viewed, repro- 

grammed and restarted without affecting 

emulation. 



Trigger Breakpoint 

The 48 bit trace trigger qualifiers can be 
used to define complex breakpoints also 
on program execution. 

Trace Display 

Display trace in disassembled symbolic or 
binary/hex form, or as high level source code. 
Display can be saved to a file. 
Trace can be started, stopped and dis- 
played independent of program execution. 

Program Performance Analyzer 

Histogram and statistical information of 
program execution in real time. 



Devices Supported: 

DS5000, 

DS5000T, 

DS5000FP, 

DS5001FP, 

DS5002FP, 



DS87C520, 
DS87C530 
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The EMUL51-PC is a high '^f^OTT'l 
performance in-circuit emulator 
specifically designed to give 
an optimized environment to 

develop your 8051 family microcontroller hardware and software. 
The EMUL51-PC consists of a board which plugs directly into the IBM 
PC/XT/AT bus. The optional Trace board features an advanced trace function 
with sophisticated trigger capabilities. 

The POD, which plugs into the target system, is connected with a 5 ft. ribbon cable to 
the emulator board to provide a flexible operating range. 

Optionally an RS-232 box can be used. It communicates with the PC at up to 115K baud. 
Yet another option, the LanlCE, makes EMUL51-PC run on workstations like SUN or HP. 



The World's Most Popular 
8051 Emulator. 

Since its introduction in 1986 Nohau has 
delivered over 10.000 EMUL51-PC emula- 
tors. And each emulator is often used in 
several projects where different 8051 
derivatives are used, only a change of the 
probe is required when a new derivative 
needs emulation support. 

Choice of Different User 
Interfaces. 

Early in the evolution of the EMUL51-PC's 
user interface it became clear that each 
customer had different opinions of how 
they would like the interface to work and 
what features were important to them. On 
these pages we show one of the three 
main user interface choices for the 
EMUL51 -PC: Microsoft Windows 3.x. 
ChipView's Borland Keypress compatible 
and Nohau's orginal pull-down/command 
line are not shown. Recognizing EMUL51- 
PC's enormous popularity, several third 



party compiler vendors have ported their 
user interfaces to the EMUL51-PC to pro- 
vide emulator interfaces similar to their 
simulator interfaces. Among these ven- 
dors are: Intermetrics/ Whitesmiths, 
Keil/Franklin and Production Languages 
Corporation. 

Hosted on PCs and 
Workstations 

The emulator was designed to be plugged 
into a full size PC AT style slot. The 
optional trace needs a second slot. These 
same boards can also be supplied in an 
"RS-232 box" which communicates with 
the PC over a standard COM port. To use 
the EMUL51-PC on XWindows worksta- 
tions such as SUN or HP, the Nohau 
LanlCE is available. Because LanlCE 
uses a high speed (10 Mbit/second) local 
area network, not only can it be placed far 
away from the workstation, but it main- 
tains the relatively high code loading 
speed of the Nohau emulators plugged 
into your PC on your desk top. 



LanlCE also supports personal computers 
on a network. This makes LanlCE useful 
where several people must share the emu- 
lator (and one target system) but have dif- 
ferent offices. Several engineers can time- 
share the prototype target board and emu- 
lator without moving any equipment. 



Real time Trace 

The EMUL51-PC offers trace features not 
found in other emulators. For instance the 
trace buffer can record up to 256K bus 
cycles with 64 bits of data. The trace can 
be operated "on-the-fly" which means that 
it can be viewed, programmed and retrig- 
gered without disturbing program execu- 
tion. With the trace set-up menu you can 
define exactly what events are to be stored 
in the trace buffer. The real-time trace can 
be stopped (triggered) at a selected event 
or after a combination of multiple events. 
By aligning the trigger point anywhere in 
the trace buffer you have a full choice of 
pre- and post triggering. 
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A 

access time, 75, 100 
address recognition, 34 
addressing mode, register indirect, 31 
addressing modes, 54 

direct, 55 

extended, 56 

immediate, 56 

page, 56 

register, 55 

register indirect, 55 

register indirect with displacement, 56 

relative, 56 
ALE noise generation, 380 
application note 

56: The DS80C320 as a Drop-In Replacement for 
the 8032, 284 

57: DS80C320 Memory Interface Timing, 286 

75: Using the High-Speed Micro's Serial Ports, 293 

78: Using Power Management with the DS87C5x0, 
306 

79: Using the DS87C530 Real Time Clock, 333 
80: Using the High-Speed Micro's Watchdog 
Timer, 355 

81 : Memory Expansion with the High-Speed Micro- 
controller Family, 361 

89: High-Speed Micro Memory Interface Timing, 
374 

91: Microcontroller Design Guidelines for Reducing 
ALE Signal Noise, 380 
assemblers, 54, 386 

B 

band-gap reference, 5, 28, 45, 79, 80, 82, 83, 132 
bank switching, 7, 361 
battery, 139 

backed bits, 93, 136, 140 

life, 140 

selection, 139 
baud rate, 107 

formulas, 123, 124 

generator, Timer 2, 113 

maximum, 305 

Mode 0, 119 

Mode 1, 119 

Mode 2, 119 

Mode 3, 119 

PMM effect on, 87 
bit addressable locations, 7 
broadcast address, 131 
brownout, 83, 92 
bulletin board system (BBS), 386 
burst mode operation, 324 



C 

C language, 386 

calendar, 53 

capacitive loading, 58 

clock source, 5, 27, 59, 84, 89, 91 

compiler, 54, 386 

configuring port pins as inputs, 102 
counter (Timer/Counter), 104, 110, 113 
crystal 
CPU, 58 

RTC, 136, 138, 349, 353 
troubleshooting, 149 
warm-up period, 39, 85 

D 

data logging example, 324, 337 
data memory, 7, 38, 55 

interface, 70, 72 

internal, 68 

software access, 73 

stretch cycles, 75, 76 

timing, 75 

Data Pointer (DPTR), 4, 56, 73, 141, 144, 146 
data retention, 93, 138, 139 
data sheets 

DS80C310, 152 

DS80C320, 174 

DS80C323, 281 

DS83C520, 282 

DS87C520, 206 

DS87C530, 243 
development tools, 386 
direct addressing, 55 
drop-incompatibility, 150 

E 

electrostatic discharge (ESD), 133 
EPROM 

"turn-off" time, 291 

interface, 70 

programming, 68 

speed selection, 288 

System Control Byte, 38 
expanded memory, 68, 100, 102 
extended addressing, 56 
external interrupt. See interrupt, external 
external reset. See reset, external 

F 

feature summary, 6 
firmware security, 39 
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framing error, 21, 29, 35, 129 
fundamental mode crystal, 58, 149 

G 

given address, 131 

I 

I/O, 4, 19, 26, 31, 33, 68, 69, 100, 101 

configuring as input, 102 

current-limited transitions, 102 

maximum drive current, 101 

optional functions, 103 

output functions, 101 

port timing, 102 

ports during Idle mode, 83 

ports during reset, 93 

ports during Stop mode, 83 
Idle mode, 21, 82 

exiting, 82 

using watchdog timer with, 81 
immediate addressing, 56 
In-System Disable (ISD), 94 
instruction set, 54, 59, 141 
instruction timing, 54, 59, 60, 61 , 64, 102 
instruction timing comparison, 64 
Interrupt, external, 82, 91, 96, 98 
interrupt, 95 

acknowledge, 98 

changes in Stop mode, 91 

exiting switchback, 88 

global enable/disable, 96 

latency, 98 

power fail, 79, 97 

priority, 95, 97 

real time clock, 97 

sensitivity in Stop mode, 91 

serial, 97 

service routine, 95 
simulated, 97 
sources, 96 
timer, 96 
vector, 95 
vector table, 95 
watchdog, 81, 97, 116 

L 

lithium battery, 139 

M 

memory 

expansion beyond 64KB, 7, 361 
interconnect, 70 
interface timing, 286, 374 
internal data, 68 



internal program, 68 

map, 7, 8 

organization, 7 
MOVX timing, 60, 75, 76, 77, 78 
multiplexed bus, 5, 19, 70, 100 
multiprocessor communication, 131 

concerns with PMM, 89, 314 

using address recognition, 131 

using the SM2 flag, 29, 35 

N 

no- battery, 93 

nonvolatile SRAM, 7, 68, 69, 139 

O 

ordering information, 3 
oscillator 

crystal, 58, 315 

external, 58, 315 

ring, 84, 89, 91,315 

startup delay, 317 

P 

page addressing, 56 
parallel I/O, 100 
parity 

bit in serial communication, 119, 126 

flag, 44, 57 
peripherals 

memory mapped, 70 

serial interface, 119 

slow access, 75 
PortO 

description, 100 

SFR, 19 
PorM 

description, 101 

SFR, 26 
Port 2 

description, 1 00 

SFR, 31 

use in Register Indirect addressing, 55, 73 
Port 3 
description, 101 
SFR, 33 

power consumption, 2, 82, 84, 85, 91, 136, 285, 288 
power fail 
interrupt, 79 

monitoring in Stop mode, 80 
reset, 79 
power management, 306-333 
features, 79 
mode timing, 87 
modes, 85 
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PMM2, 85, 307 

R 

RAM 

direct, 7, 55 
indirect, 7, 55 
internal MOVX, 68 
MOVX, 7 
scratchpad, 5, 7 
real-time clock (RTC) 
accuracy, 138, 149 
alarm, 137, 335 
calibration, 138, 349 
crystal, 138 
day of the week, 138 
disabling, 136 
enabling, 136 

interface software example, 341 

interrupt, 97 

reading, 136, 335 

setting, 136, 335 

software tricks, 337 
register. See special function register 
register addressing, 55 
register indirect addressing, 55 
register indirect with displacement addressing, 56 
register map, 7, 8 
relative addressing, 56 
reset, 27 

clock source after, 89 

determining source, 149 

external, 83, 92 

nc— battery, 140 

power fail, 92 

power on, 27 

power-on, 68, 79, 92 

ROMSIZE setting after, 69 

sensitivity in PMM, 310 

state, 93 

Stretch setting after, 75 
vector, 68 

watchdog, 92, 104, 115, 116 
ring oscillator 

"switchback", 319 

operation following Stop, 84, 91 

stability, 89, 91 

sustained operation, 91 
ROMSIZE feature, 69, 371 
RS-232. See serial port 



serial port 

address recognition, 34, 89, 296 

and PMM, 87 

asynchronous mode, 119 

baud rate. See baud rate 

dual serial port example, 295 

framing error, 129 

initialization, 120 

mode description, 124, 126, 129 

multiple devices. See multiprocessor communica- 
tion 

parity bit, 119 

polled vs. interrupt, 294 

switchback, 88 

synchronous mode, 119 

troubleshooting, 149 
software compatibility, 386 
software timing loops, 87, 1 50, 284 
special function register 

A / ACC, 46 

B, 47 

CKCON, 25 
DPH, 20 
DPMI, 20 
DPL, 19 
DPL1.20 
DPS, 20 
EIE, 46 
EIP, 48 
EXIF, 27 
IE, 31 
IP, 33 
P0, 19 
P1, 26 
P2, 31 
P3, 33 
PCON, 21 
PMR, 37 
PSW, 43 
RCAP2H, 43 
RCAP2L, 42 
ROMSIZE, 36 
RTAH, 48 
RTAM, 48 
RTAS, 47 
RTASS, 47 
RTCC, 49 
RTCD0, 53 
RTCD1, 53 
RTCH, 52 
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RTCM, 52 

RTCS, 51 

RTCSS, 51 

SADDRO, 32 

SADDR1, 32 

SADENO, 34 

SADEN1, 34 

SBUFO, 30 

SBUF1 , 36 

SCONO, 29 

SCON1.35 

SP, 19 

STATUS, 39 

T2CON, 40 

T2MOD, 42 

TA, 40 

TCON, 22 

THO, 24 

TH1, 24 

TH2, 43 

TL1 , 24 

TL2.43 

TLO, 23, 24 

TRIM, 28 

WDCON, 44 
special function register map 

DS80C310, 10 

DS80C320, 12 

DS80C323, 12 

DS83C520, 14 

DS87C520, 14 

DS87C530, 16 
stack, 5, 8, 386 
Stop mode, 82 

enabling band-gap reference, 80 

resuming with crystal oscillator, 83 

resuming with ring oscillator, 84, 91 
stretch cycle, 75 
switchback 

considerations when using, 312 



enabling/initiating, 311 
interrupt-driven, 88 
serial port-initiated, 88 

T 

technical support, 386 
timed access 

examples, 133 

protected bits, 132 

protection scheme, 1 32 

using, 132 
timer 

16-bit, 104 

auto-reload. See timer, Mode 2 
default time-base, 1 1 4 
interrupt. See interrupt, timer 
Mode 0, 106 
Mode 1, 106 
Mode 2, 107 
Mode 3, 108 

output clock generator, 1 1 4 
PMM effect on, 87 
time-base selection, 114 
timer 2, 108 
timer 2 modes, 110 

U 

UART See serial port 

W 

watchdog timer, 115 

as long interval timer, 358 

as system monitor, 116, 356 

block diagram, 115 

interrupt. See interrupt, watchdog 

period, 116 

reset. See reset, watchdog 
wake up from Idle mode, 81 
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